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•'I loved Byron for the genui^enes^^ of his ruli^ioits faitli, for tijr sim- 
pliVity and beauty of his relationship to his iVlhnvs, for his ardem dusire 
for service to the world and catholic tolerant spirit exercised towani ihuse 
who differed from him in faith and thoin^lit.” Tliis aj>i)recimion of Dr, 
Ihilstcd by an intimate friend will find response in the hearts of all who knew 
him. However brilliant the achievements of tlu* individu.d Inmi (he world 
viewpoint, whether in finance, art, literature, or science, it is (o (he ])erson- 
alitv, the characteristics, traits, inclinations, and moralitic's, (hat we liirn 
in making the ultimate estimate of the man. Dr. Halsted's geni<d na(nr(‘, 
generosity, patriotism, and broad interest in art, music, literature, aiul 
athletics, as well as his scientific attainments, are the attributes (hat elaiin 
our homage. 

He was one of the few of America's eminent pioneers in ])lant pathology, 
the first graduate student to take work under Dr. \V. Cl. i'arlow, tin* first 
to take the doctorate in cryptogamic botany at Harvard. He taught plant 
pathology at Ames when the subject Avas in its infancy in .America, and 
there also he began a series of publications on plant pathology. Inde- 
fatigable and full of enthusiasm as a worker and k('{'n as an investigator, 
a bibliography of his titles would number ajjproxnnateh' four hundred, wilh 
contributions chiefly to plant pathology and plant breeding. 

Dr, Halsted entered Michigan Agricultural (A)llege in 1807 and was 
graduated in 1871. He entered Harvard I niversilv in 1874 and received 
the degree of Doctor of Science in 1878 with a thesis (tn the •‘( ’lassilication 
and Description of the American Species of Characeae, lie was managing 
editor of the American A^riculturial for five vears. (hen went to the chair of 
hatany of the Iowa Agricultural College, wlnrh position he held trom 1885 
to 1889, when he was elected to the professorship of botaiu' at Riifgeis 
College and the position of botanist of the New Jersey .Agricultural i olU‘gc 
Experiment Station. In both institutions he endeared himself to sludimts 
!ind faculty and laid broad, enduring foundations for bobuiical departments. 

' Prepared at the reijuest of the council of the Potanical SiK'lety of .America. 

[The Journal for July (7; 26i-304> issued Ausjubi 6, 1920.] 
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Many students owe their later successes in life and their contribin 
the world’s welfare to inspiration and ambition derived through - 
with Dr, Halsted in these two colleges. 

His interest centered primarily in plant pathology, and pioneer \v< ,, 
carried on regarding many fruit and truck crop diseases. He al- 
special attention to the diseases of ornamental plants, a field in wl. : hi^ 
work probably overshadows that of all other contributors. While i; 
Jersey failing eyesight and health forbade further microscopic work 
activities w'ere turned to field work in plant breeding. 

Dr. Halsted w-as a member of Phi Beta Kappa. He also won tin -ilvtr 
medal of the Massachusetts Horticultural Society and was a fellow <i‘ thf 
American Association for the Advancement of Science. He served in h] 
official capacity many of the leading national scientific societies of tht- 
country. He -was elected president of the New Jersey Microscopical 
Society, second vice-president of the low^a Academy of Science in 18HS 
secretary of Section F of the American Association for the Advancement 
of Science in 1892, secretary of the Society for the Promotion of Agricultural 
Science in 1892, and its president from 1897 to 1899, and was president of 
the Botanical Society of America in 1 900-1 901. He was affiliated with 
other national societies — the Society for Plant Morphology and Physiolo|,w. 
the Society of Horticultural Science, the American Society of Naturalists, 
and was associate editor of the Bulletin of the Torre, y Botanical Cluh {i8gu 
1893) and a contributor to the Systematic Flora of North America, 

Dr. Halsted was born at Venice, New^ York, of Quaker parentage Jimo 
7, 1852; was thrice married and leaves three children. He died at New 
Brunswick, New^ Jersey, the scene of his activities of nearly thirty years, 
on August 28, 1918, 

Publications 

The following is a list, as nearly complete as possible, of the scientifir 
publications of Dr. Halsted, not including numerous abstracts and reviLA\v 
of the work of other writers. 

1877 

Reproduction in fresh-water algae. Amer. Nat. ii: 513-524. 

1878 

Notes upon vernation. Proc. Boston Soc. Nat. Hist. 19: 215, 216. 

1881 

Classification and description of the American species of Characeae. Proc. Boston 80c. 
Nat. Hist. 20: 169-190. 

Barn plans and outbuildings. 235 pp. New' York. 

1883 

Agricultural education for the young. Proc. Soc. Prom, Agr. Sci., 2d Ann. Meeting {188) : 
54-5<i- 

Notes oil sassafras-leaves. Science 2; 491-493* 

A strange sassafras-leaf. Science 2 : 684, 685. 

A combination walnut. Science 2: 761, 762. 
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1884 

1 i: Things of great importance. Home Science. May, 1884, pn is-->i 

}>,• yrade metamorphosis of a stravvberry-riower. Scieiice 3- '',0^ 

lions of growth of the wheat-rust. Science 3; 457, ’’ " 

,M;, , w and grape rot. Proc. N. J. State Hort. Soc., yth .\nn. Meeting. (i.s84l: 74-.-0 

1885 

nato disease. Proc. Soc. Prom. .Agr. Sci., 5th Ann, Mecii,,- (iss^; 40-44 

1 886 

\ jii w Iowa Aecidium. Journ. Mycoi. 2: je, 

(A ciiiosporarigluni macropus on raronanu. Bat. (hiz. ii: u>;) njt 

An interesting Peronospora. Bot. (iinz. ii ; 072, 

A (tlcasing experiment in laboratory practice. But. (iaz. m ^4,, 

Strange pollen-tubes of Lobelia. Amer. Nat. 20;. 644, 64^ 

1887 

pollcn-fnbes of Lobelia. Amer. Nat. 21; 75, 76. 

Biiilctin of the Iowa Agricultural College, from the Botanical Depart menl. 66 i)). 

A plant heliostat. Bot. Caz. 12: 82, 83. 

"Crazy" pollen of the bell-wort. Bot. Gaz, 12; 139', 140, 

Dry weather foliage of the compass plant. Bot. Gaz. 12: 161 162. 

Three nuclei in pollen grains. Bot. Gaz. 12: 285-288, 

A new Uromyces. Journ. .Mycoi. 3: 138. 

Dioeeisni in Anemone acutUoba, Lawson. Bull. 'Forrey Club 14: 119 121 
ticrmination of cucumber seed. Card. Chron., 3d ser. 2; 466. 

A hint as to nitrogen appropriation In clovers, Proc. Soc. Prom. .Agr. Sci., 81 h Ann. 
.Meeting (1887): 41-44. 

The peg in germinating cucurbitaccous plants. Proc. Soc. Prom. Agr Sci Sth Ann 
.Meeting (1887): 45-48. 

The powdery mildew of the gooseberry. Sphaerotheca mon-nvuc, B. and C. Kept. L. S. 
Comm. Agr, 1887: 373-380. 

1888 

^ Bulletin from the Botanical Department' of the State .Agricultural College, Aine.s, Iowa. 
iz8 pp. 

(With J. B. Ellis) New Iowa fungi. Journ. Mycoi. 4; 7, 8, 

Iowa Peronosporeae and a dry season. But. Gaz. 13: 52-59. 

Pollen germination and pollen measurement (.Abstr.). Rot, (iaz. 13: 238. 

Trigger-hairs of the thistle flower. Bull. Torrey Club 15; 82-84. 

Abnormal ash leaves. Bull. Torrey Club 15: 212, 213. 

fertilization of flowers. Proc. N. J. State Hort. Soc., 13th .Ann. Meeting (1887): loi-ioH. 
Apple rusts. Rept. U. S. Comm. Agr. 1888: 370 381, 

Potato flowers and fruit. Proc. Soc. Prom. Agr. Sci., 9th .Ann, Meeting (1888): 33, 34. 
The tomato flower and fruit. Proc. Soc. Prom, .Agr. Sci,, 9th .Ann. .Meeting (1888) : 3.S, 36. 

1889 

Peronosporeae and rain-fall. Journ. Mycoi. 5: 6-1 r. 

•An interesting Uromyces. Journ. Mycoi. 5: ii. 

Notes upon Sphaerotheca phyloptophilc, Iveli. and Swingle, Journ. Myeol. 5: 85, 86. 
Another Sphaerotheca upon Phytuptus distortions. Journ. Mj’col. 5: 134. 

Some notes upon economic Peronosporeae for 1889 in New Jersej-, Journ. .Myeol. 201- 
203. 

An investigation of apple twigs. Iowa Agr. Exp. Sta. Bull. 4: 104-132, 
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Pollen germination and pollen measurements (Abstr.). Pruc. Amer. Assn. Adv, Sc; 

288. 

Our worst weeds. Bot. Gaz. 14: 69-71. 

A modification of the versatile anther. Bot. Gaz. 14: 107, 108. 

Pollen mother-cells. Bot. (iaz. 14: 109. 

Dicentra stigmas and stamens. Bot. Gaz. 14: 129, 130. 

Sensitive .stamens in Compositae. Bot. Gaz. 14: 151, 152. 

Peronosi-jora upon cucumbers, Bot. Gaz. 14: 152, 153. 

Observations upon barberry flowers. Bot. Gaz. 14: 2or. 

Notes upon Lithospermum. Bot. Gaz. 14: 202, 203. 

Pickerel weed pollen. Bot. (iaz. 14: 255-257. 

N’ote.s upon stamens of Solanaccae (.\bstr.). Bot. Gaz. 14: 260. 

Reserve food substances in twigs (Abstr.). Bot. (iaz. 14: 260. 

The station botani.sLs at Washington. Bot. Gaz. 14: 305^.309. 

The germination of pr)llen. Bull. Torrey Club 16: 130, 131. 

Observation.s uptin pollen measurements. Bull. Torrey Club 16: 135, 136. 

What are the worst weeds of \ew Jersey? X. J. Agr. Coll. Exp. Sta. Bull. 52, r; j,]. 
Some fungus diseases of the cranberry. X. J. Agr, Coll. Exp. Sta. Bull. 64. 40 pj,. 

Pollen versus rain. Proposed experiments illustrating the influences of rainfall at biuDMihiv- 
time upon subsequent fruitfulness. X. J. Agr, Coll. Exp. Sta. Spec. Bull. C. 4 pj). 
The doubling of flowers. Proc. X. J. State Hurt, Sue., 14th .Ann. Meeting (188S1; 74 
The cranberry gall fungus. Proc. Soc, Prom. Agr. Sci., lOth .Ann. Meeting (18891: ;9-4;v 
Our worst weed.s: A scale of points. Proc. Soc. Prom. .Agr. Sci., loth Aim. Meeting ; ; 

43-49. 

The potato rot. X. J. Agr. Coll. Exp. Sta, Spec, Bull. G. 4 pp. 

'rhe cr.anherr^" scald. X. J. Agr. Coll. Exp. Sta. Spec. Bull. H. 3 pp. 

The- sweet potato rot. X. J. Agr. Coll. Exp. Sta. Spec. Bull. J. 3 pp, 

1890 

Treatment of cranberry scald and cranberry gail-fimgus. Journ. Mycnl. 6: 18, 19. 
(With J. B. Ellis) Xcw fungi. Journ. Mycol. 6: 33-35. 

Once more about the weeds. Bot. Ciaz. 15; 23, 24. * 

Notes upon stamens of Solanaceae. Bot, (iaz. 15: 103-106. 

Peronospora rubi Rabenh. in America, Bot. Gaz. 15: 179. 

Collections of weeds. Bot. Gaz. 15: 312. 

Notes upon Peronosporeac for 1890. Bot. Gaz. 15: 320-324. 

Station botanists at Champaign. Bot. (3az. 15: 334-339. 

Clipping currant clusters. Garden and Forest 3: 19. 

Worms in violet roots. Garden and Forest 3; 69. 

Hollyhock diseases. Garden and h’orest 3: 158. 

Why not legislate against the black knot? Garden and Forest 3: 194. 

Anthracnose or blight of the oak, (darden and Forest 3: 295, 296. 

Legislation against fungous diseases in New Jersey, (jarden and Forest 3: 307, 308. 
Nematodes and the oat crop, (.larclen and Forest 3: 319, 320, 

Anthracnose on the maple. (Tarden and Forest 3: 325. 

The egg-plant blight. Garden and Forest 3: 457. 

Botanical work at the stations. Garden and Forest 3: 463, 464. 

The celery blight, (harden and Forest 3: 481. 

Effect of forest-management on orchards, (jarden and Forest 3: 487, 488. 

Nematodes in the chrysanthemum. Garden and Forest 3: 499, 500. 

Spraying against pear blight. Garden and Forest 3; 505. 

A dangerous enemy to the radish. Garden and Forest 3: 541, 542. 

The rot among late potatoes. Garden and Forest 3: 551, 552. 
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itodes again. Garden and Forest 3: 565. 
y voot rot of salsify. Garden and Forest 3: 57G. 
j- .-i-anberry scald. Garden and Forest 3: 383, 5<S4. 
y ,v white smut. Bull. Torrcy Club 17: ^5-^77. 

V .ij)on Ailanthus. Bull. Torrey Club 17: (oj, 103. 

\\:- ;c huckleberries. Bull. Torrey Club 17: 104, 103. 

\ . ... upon Zygodesnius and its new specie.^. I^ull, Torre)- Club 17; 151, 1 3:. 

3 , .>:.ihle natural hybrid. , Bull. Torre\- Club 17; 17(1, 177, 

14^.. rve food-materials in buds and surrounding parts. Mem. lorrey Club 2; i j(». 

u reasons for varieties not soon wearing out. ,\iner. ,\at. 24: . 377 - 3 St. 

K. i-'it of the botanist. Kept. X, J. .Agr. Ii.xp. Siatimis ;i.S«(y!: 

].ii!igi injurious to horticulture. Proc. X. J. Strut' lion, Soe., 151I1 Atm. Meeimg (t.sSp.: 
149-162. 

The rots of the sweet jx)talocs. Proc, Soc. Prom. Agr. Sei., mh Atm. Meeting '.i.V)oi: 
27, 28. 

Rcs*.;rvc food substances in twig.s (Ab.sfr.). Proe. .\mer. Assn. Adw Sei. (i.s.s<;!: jSi, 2.S2. 
Some fungous diseases of the spinach, X', J, Agr, Coll. K.vp, Sta. bull. 70, 13 pp. 

Sdiiic fungous di.seascs of the sweet potato. X, J, Agr, Foil. IXp. Sla, Bull. 70. 32 ].p, 
{.Jliservations upon the peach for 1890. .\. J. Agr. Coll. IXp, Sta. Spec. Hull. 1.. 3 |tp, 

i 89[ 

The mignonette disease. Garden and Forest 4: 33. 

Xeitiatodos attacking Boiivardias. Carden and Forest 4; 57. 

More nematodes. Garden and Forest 4: C 5 .S- 
The hydrangea blight. Garden and Forest 4; 177. 

Mildew on sweet alyssuin and radish. Garden and i'orcsL 4: iK-y 
Decay spots upon leaves. Garden and Forest 4: 2f)r, 202, 

Nutrhern .Missis.sippi floral notes. Garden and Forest 4: 250, 2.31. 

An abundant rust. Garden and Fore.st 4; 262, 

An orchid antliracnose. Garden and Forest 4: 309, 

Are fungicides abused? Gardcn’and Forest 4: 339. 

Pelargonium blight. Garden and Fore.st 4: 453. 

.Veiiiafodes in Zinnias, (iarden and Forest 4: 453. 

Hollyhock disease.?. Garden and Forest 4: 477. 
the cranberry scald, (iarden and Forest 4: 523, 326. 

Damping off. Garden and forest 4: 549 - 
A ('hr)'sanllienium blight. Garden and forest 4: 360. 

Itacterial disease of celery, (iarden and forest 4: 584. 

Rust of carnations. Garden and forest 4; 396, 

Uill-worms injuring the rose.?. Garden and forest 4: 608. 

A new anthracnose of peppers. Bull. Torrey Club 18: Ui CM 

I With D. G. Fairchild) Influence of moisture upon dehiscent fruits. Bull. Torrey Club 18: 
81-83. 

A strange thing in peppers. Bull. Torrey Club 18: 131. 

The giant sundew helioLropic. Bull. Torrey ( lub 18: 212, 213, 

Intra-car pillary pistils and other floral derangements. Bull, iorrey ( lub r8: 246-249. 
Xotes upon Epigaea repens. Bull. Torre\' Lluii 18: 249, 250. 

.\ new egg-plant disease. Bull, Torre)- (. lub 18; .^02, 303. 

A luuhlc-headed KudbecUia. Bull. Torrey Club iS: 304. 

IMiat the station botanists are doing. Bot. Gaz. 16; 288-291, 
liiHieriaof the. melons. Bot. Gaz, 16; 303 - 3 ti.> 

Xok's Peroiiosporeae for 1891. Bot. Gaz. 16: 338-340, 

I’aDTion fungi injurious to fruits and fungi injurious to garrlrn crops, read before the Ohio 
State Horticultural Society, December, 1890, 
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Botany at the Washington meetings. Amer. Nat. 25: 914-916. 

The migration of weeds. Proc, Amer. Assn. Adv. Sci. (1890): 304-312. 

The anthraenoses and their relations to horticulture. Proc. N. J. State Hort, S( 

Ann. Meeting (1890): 56-66. 

Field experiments with soil and black rots of sweet potatoes. N. J. Agr. Coll. K\ 
Spec. Bull. M. 19 pp. 

Destroy the black knot of plum and cherry trees. An appeal. N. J. .^gr. Coll. 1;^ j 
Bull. 78, 14 pp. 

Report of the botanical department. Rept. N. J. Agr. Exp. Stations (1890): 323 


Notes upon Monilia fntetigena, Fers. and spore germination. Bull. Torrey Clul) iq: h-- 
Sweet potato blossoms. Bull. Torrey Club ig: 22. 

Eastern and western weeds. Bull. Torrey Club 19; 43-46. 

Parasitic fungi as related to variegated plants. Bull. Torrey Club 19; 84-88, 

\\eeds at the World’s Columbian Exposition. Bull. Torrey Club 19: 131. 

A century of American weeds. Their root systems tabulated. Bull. Torrey Club iq- 
141-147, 

Anthracnosc in bean-seeds. Garden and Forest g; 18. 

Alternanthera leaf-blight. Garden and Forest 5; 56, 57. 

Fungous troubles in the cutting beds. Garden and Forest 5: 91, 92. 

Petunia blight. Garden and Forest 5: 141, 

“ KiiUing" of egg-plant seedlings. Garden and Forest 5; 164. 

Foliar nematodes. Garden and Forest 5: 234. 

I^lum-flow^er blight. Garden and Forest 5: 248. 

Blights of variegated Pelargoniums. Garden and Forest 5: 353. 

Southern tomato blight at the North. Garden and Forest 5: 379-381. 

Fungous and other rose troubles. Garden and Forest 5: 406, 407. 

Tomato diseases. Garden and Forest 5; 465. 

Decay of quince fruit. Garden and Forest 5: 477. 

Anthracnose of the p>ear. Garden and Forest 5: 501. 

Diseases of the carnation. Garden and F^orcst 5: 594, 595. 

Bacterial disease of beans, (iarclen ajid Forest 5: 620. 

Some fungi common to wild and cultivated plants, Bot. Gaz. 17: 113-118. 

Cedar trees and apple rust. Amer. Monthly Micr. Journ. 13: 122. 

The influence upon crops of neighboring wild plants. Proc. N. J. State Hort. Soc., lytii 
Ann. Meeting (1891); 1 10-122. 

Notes upon bacteria of cucurbits (Abstr.). Proc, Amer. Assn. Adv. Sci. (1891); 315, 3111. 
A new Nectria (Abstr,). Proc. Amer. Assn. Adv. Sci. (1891): 316. 

Notes upon an anthracnose (Abstr.). Proc. Amer. Assn. Adv. Sci. (1891): 316, 317. 

A section of botany in the American Association. Bot. Gaz. 17: 25, 26. .Also in Sdena' 
19: 81. 

Check list of American weeds, in the order of Patterson’s list, exclusive of sub-tropkai 
Florida. New Brun.swick, N. J. 

Fungi injurious to weed seedlings. Proc. Soc, Prom. Agr. Sci,, 13th Ann, Meeting (1893 : 
145-148. 

Report of the botanical department. Rept. N. J. Agr. Exp. Stations (1891): 235“3F*- 
(With J. B. Smith) Spraying for insect and fungous pests of the orchard and vineyani. 

N. J. Agr. Coll. Exp. Sta, Bull. 86. 20 pp. 

Some fungous diseases of the quince fruit. N, J. .Agr. Coll. Exp. Sta. Bull. Qi. <6 pp. 
Some fungous diseases of the celery. N. J. Agr. Coll. Exp. Sta. Spec. Bull. Q. 12 pp. 
The southern tomato blight. Miss. Agr. Exp. Sta. Bull, 19. 12 pp. 
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() ye diseases (Abstr.), Bot. Gaz. r8: 25, 26, 

- Jersey Peronosporeae (xAbstr.). Rot. Gaz. 18; 26. 

\V. . a seeds (Abstr,). Bot. Gaz. 18: 26. 

• . \s- form of Exobasidium (xAbstr.). Bot. C'.az. 18; ;^48, 

\ . riifury of American weed seeds. Bull. Torrey Chib 20; 

\ y-idy of solanaceous anthracnoses. Bull. Torrey Club 20; io<)-n2. 

[(Ciiiity of anthracnose of the bean and watermelon. Bull. Torrey (Til) 20: 240- >50 
s,,- H* new weed fungi. Bull. Torrey Chib 20: 250-2,^2. 
l)i',![jsical Pelargoniums. Hull. Torrey Club 20: 

Xoii'S upon a new Exobasidium. Bull. Torre\- Chili 20: 437 440, 

'['lie Solandi process of sun printing. Bull. Torre\- Chih 20: 4S5'4.'<.s. 

Ih'liotropism of the common mallow. Bull, Torrey Club 20; 4,St>, 440. 
paial club-root of turnips. Garden and Forest 6; 7,S, 79, 

\ serious filbert disease. Garden and Forest 6: 134, 

An uBservatlon on fruit decays. Garden ant! Forest 6: 342. 

The rust of mountain ash. Garden and F'orest 6: 508, 

Fungi parasitic indicate kinship. Science 22: 203, 
might of ornamental ferns. Amer. Florist 9: 766. • 

I’k'ospora of Trnpaeolum mtijus (Abstr.). Prnc. Amer, .\ssn, Adv . Sel. 11892): 221. 
Secondary spores of anthracnoses (Abstr.). Pror. .Amer, .\ssu. .Ativ. Sei. 11892); 221. 

A hiu’teriuni of Phaseolus (.Abstr.). Proc, Amer. .A'r.sii. .Adv. Sri. 11.S92J; 221, 222, 

Fruit decay. Proc. N. J. State Flort. Soc., i8th Arm, Meeting (18921: 131 ] 

Poiatoes by the direct method. Proc. Soc. From, Agr, Sri,, 14th .\nn. Meeting (1S931: 
64-68. 

Report of the botanical deparliiient. Rept. X. J. Agr. hXp. Stations (1892): 273 386. 
Club-root of cabbage and its allies. X. J. .\gr. Coll. IXp. Sta. Bull. 98. i(> pp. 

1894 

{With D, G. Fairchild) SweeL-potato black rot [Ceraiot yslis fimhriat'i, Fdl. X Hals,), Joiirn, 
-Mycol. 7; i-ri. ♦ 

Blight of garden pinks. Amer. Florist 10 : 5, 6. 

Begonia diseases. Amer. Florist 10; 117. 

Chrysanthemum leaf spot. Amer. Florist 10; 263. 

The mint rust upon the variegated balm. Bull. Torrey Club 21: 40, 4r. 

Club-root in common w’eeds. Bull. Torre>' Club 21; 76-78. 

Shrinkage of leaves in drying. Bull, Torre\’ Club 21; I2y-I3[. 

I’istillodia of Podophyllum stamen. Dull. Torrey Chif) 21: 269, 

Peculiar “range" in an autoecious Uromyces. BiiiL 'I'orrey Chii:i 21; 3n-M,C 
Other poisonous plants. Bot. (^az. 19; 200. 

Weather versus injurious fungi. Proc, Sue. Prom, Agr. .Sci., laOt .Ann. .Meeting (1894). 
Agr. Sci. 8; 292-297, 

Sunshine through the woods. Pop, Sci. Monthly 45; 313-322. 

A serious blight of Cosmos. Garden and Forest 7: 464, 463, 

The shrinkage of leaves in drying (Abstr.). Proc. .Amer, .Assn. .Adv. Sci. (1893): 257, 258. 
I'he Solandi printing applicfl to botanical work (.Abstr,). Proc. Amer. Assn. .Adv. Sci. 
{1893): 258. 

Bacteria in some of their relations to crop growing. Proc. N. J. State llort. Soc., tyth 
Ann. Meeting (1894): 186-196. 

Report of the botanist. Rept. XT J. Agr, Exp. Stations (1893J: 289 436. 

1895 

Ihe cherry fruit mold. Garden and Forest 8: 137, 138, 

Strawberry leaf curl. Garden and Forest 8: I4-8. 
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Aerial roots of carnations. Garden and Forest 8: 158, 159. 

Notes upon poisonous plants. Garden and Forest 8: 172. 

Irrigation in New Jersey. Garden and Forest 8; 518. 

Notes on agriculture (I,). Science, n. ser, i: 376--379. 

Notes upon agriculture (II.). Science, n. ser. i; 509, 510. 

Notes on agriculture ( 111 .). Science, n. ser. i: 680-682. 

Notes on agriculture (IV.). Science, n. ser. z: 12. 

Notes on agriculture (V.). Science, n. ser. 2: 68. 

How to distinguish fungous diseases of carnations. Florist's Exchange 7: 293, 29 . 

Notes u|>on Cfialara paradoxa (Abstr.). Proc. Anicr. Assn. Achn Sci. (1894): 29^ 

Notes upon a root rot of beets (Abstr.). Proc. Arricr. Assn. Adv. Sci. (1894): 293. 
Blights and their remedies. Proc. N. J. State Hurt. Soc,, 20th Ann. Meeting 1x9;, . 
rcK>-io5. 

Report of the botanist. Rept. J. Agr. liixp. Stations (1894): 275-419. 

Some fungous diseases of beets. X. J. Agr. Coll. Exp. Sta. Bull. 107. 13 pp. 

(With J. A. Kelsey) Field experiments with fungicides. (Turnips, cabbage, imiiaKit, 
potatoes and beans.) J. Agr. Coll. Exp. Sta. Bull. 108. 32 pp. 

Field experiments with potatoes. X. J. Agr, Coll. Exp, Sta. Bull. 112. 20 pp. 

(With J. A. Kelsey) Irrigation of garden crops. X. J. Agr. Coll. Exp. Sta. Bull. 1 1 5, \(, p,, 

1896 

Forest fungi, Forester 2 : 25, 

The black knot of the wild cherry. Forester 2 : 39, 40, 

Notes on agriculture and horticulture (IV.), Science, n, ser. 3: 398, 399. 

Note,s upon agriculture and horticulture. Science, n. ser. 3'. 588, 589. 

Notes upon agriculture and horticulture. Science, n. ser. 3: 698, 699. 

Notes on agriculture and horticulture. Science, n. ser. 3: 767. 

Notes upon agriculture and horticulture. Science, n. ser, 3: 834-836. 

Reseda hika moving inland. Bull. Torrey Club 23: 232. 

Dodder on garden vegetables. Garden and Forest 9: 365, 366. 

An outbreak of aspanagus rust. Garden and Forest 9: 394, 395. 

Fungous diseases of ornamental plants. 'Frans. Mass. Ilort. Soc. (1895); 22-33, 
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ABSORPTION OF MOISTURE BY GELATIN IN A SATUK \TED 
ATMOSPHERE! 


Charles A. Shell and S. P. Shlxl 


A great deal of work has been done to determine the relation of roliuif]al 
matter to water, gelatin being a favorite substance for such studies. Hiav- 
ever, one finds but few attempts to determine the water relations estahlislH(] 
when the colloidal material is exposed to an atmosphere saturated with 
water vapor, d'hc earliest observations of a difference in behavior of 
colloids toward water and wafer vapor are credited to Volbehr (5). The 
main work dealing with this subject is a paper by von Schroder (.p. win, 
claims that gelatin absorbs much more w'ater when placed in liquid waUr 
than when exposed to a vapor-saturated atmosphere. The data presenuxl 
in his paper w^ere afterwards used as a basis for a theoretical discussion Iiy 
Bancroft (i), who attempted an explanation of the observed phenomenn. 
but without any apparent attempt to verify von Schroder's results. Um- 
finds in the recent literature occasional reference to these papers, as in 
Czapek (2). Here Czapek (p. 42) adopts Bancroft’s explanation of the 
supposed difference between the vapor pressure of the colloid and that 
of the mass of w-atcr which saturates the atmosphere about the colloid. 

For the sake of clearness it will be advantageous to state briefly the 
results of von Schroder’s investigations as given in section VII of his paper, 
which is entitled “Ein Beitrag zur Thermodynamik der Quelliing” (/.c, 
pp. 109-117). 

In the first place, gelatin absorbs w^ater very rapidly from liquid wat*^r. 
A piece of gelatin weighing 0.801 g., and which contained 17.6 percent of 
hygroscopic water, took up moisture as shown in table I. 


Tabi.e I. 

Absorption of Water by Gdatin from Liquid Water 

Time 

Intake in Grams 

Gain Ffn ent* 

5 mins. . 



10 mins. . 

2,934 

432.1 

20 mins. . 


540-3 

30 mins. . 

4.072 

5997 

40 mins. . 


633.3 

50 mins. . 

44^5 

650.2 

60 mins. . 

4.506 

663.6 

2 hrs. . . 


7277 

24 hrs. . . 

6,911 

1018. 

48 hrs. . . 

7734 

1039- 


* Calculated on absolute dry weight of gelatin disc, 0.679 g. 

^ Contributions from the Botanical Laboratories of the University of Kcntuckv, ■ o- 3- 
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!■ It if a similar piece of gelatin is placed ,n a sauirated ai.,ios,,l„Te 
arc ecpiilibrium between gelatin and water is reached at a much l.nver 
p,,v. stage of intake, as shown in table a. In ,1,1^ case the air-dry gelatin 

ilis, .cighetl 0.904 g. 


Takle 2. 
Time 

1 (Ifiy. 

2 days 

3 days 

4 days 

5 days 

7 days 

8 days 
days 

1 7 days 

18 days 
20 days 


Absorption of IValer by Gelatin in a Saturated Ahnospkerc 
Intakc in Grains 1 . , 


,0,218 

0.277 

.0.294 

'(>'347 

0.357 

0,366 
,0,372 
, 0,368 
,0.369 

0.374 


24.1,> 
30. 6i) 

32.36 

36.2 1 
39' 32 
40.32 
41.18 
40 74 

4 ().tSo 

41.41 


These figures make it appear that equilil^rium was roaclu'd at ahonl lJu' 
entl of a week, at a little over 40 percent of absorption. 

\Mieu the gelatin was first soaked in water till nearly saturated, and 
ihen brought into a saturated atmosphere, there w;is eontimioiis loss of 
water from the gelatin. Thus a piece of gelatin weighing 0.433 g. was 
soaked until it weighed 5.092 g. It was then placed in a (diaiiiber with a 
siippo,scdly saturated atmosphere. The behavior is shown in table 3. 
The first three columns to the left, except the top line, are taken from von 
Schroder, and the two columns to the right are from Bancroft’s discussion 
of the same experiment, with a correction made b\- omitting the dashi's in 
Haiicroft’s table, and lifting the figures into correct alignment wilh the 
time intervals. 


Table 3, Loss of Wakr by Gelatin in a Saturated Atmosphere 


Loss in Weiclil , Weit'hl nl’ Waici in l‘i;rt'riil;ii’i' .-Uihrirlit-d 

in(r Loss IV-ruert la-latin in ( ; . W niti Ri-mciiimK 


0 (lay — 44>59 > 4>79 

1 day 0.259 6.29 4.400 1,016 

0.337 7-82 4'332 99^ 

3 days 0.383 8.87 4.276 988 

■} days 0.418 9.68 4.241 979 

.5 days O.929 21.30 .3730 86i 

7 days I.313 30.43 3'34(> 759 

9 days 1.972 45't>3 2,687 621 

U days 2.571 59.48 2.088 482 

4 days 3.175 73,46 1.484 3-^3 


The percentages in column three arc not calculated with gremt accuracy, 
hut arc presented exactly as in the original. The data indicate that there 
is continuous loss of water from the gelatin, although the air on all sides is 
assumed to be saturated. The behavior implies a contradiction to the 
second law of thermodynamics. Such an e\aporation of water from one 
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part of the sy&tem to another under the conditions could take pla(\ jy jj 
the colloidal matter had a higher vapor pressure than the liquid 
and as the water evaporated from the colloidal mass, it would I 
condense at the surface of the liquid water. Bancroft's explaiiatic/. 
higher vapor pressure is based upon the shape and size of the water . 
in the gelatin. They are assumed to be round, and it is held th.i .v.ucr 
evaporates more readily from a curved surface than from a Hat on. 
droplets of water are so minute that the curvature of the surface i s ^adi 
droplet is quite sharp; this results in a vapor pressure higher in the . ii'knd^ 
and a consequent distillation of whaler from it to the liquid phase et the 
system. The distillation should go on until in some way or other the \ 
prt'ssurc throughout the system reaches equilibrium. 

Being engaged in the study of the relation of certain colloidal cri^anic 
substances to water, we have had occasion to perform some experiments 
which led to a repetition of some of von Schroder’s work. However, it 
w^as nut possible to tell' from von Schroder’s discussion just how he M-t up 
his experiments, how he controlled the temperature, and how he secured 
and maintained saturation. In a number of ways the discussion leaves 
one in the dark, and wc W'ere compelled therefore to work out a method of 
investigation which no doubt diflers in a number of ways from w.n 
Schroder’s. The methods employed are briefly stated. 

Materials and Methods 

The gelatin used in the experiments to be recorded here was the (iold 
Label gelatin commonly handled by dealers. No attempts w^ere made to 
purify it in any way; for, although pure substances are to be pnlerred in 
original work of any kind, we felt justified in using the gelatin in its com- 
mercial condition because the experiments we were trying to repeal had 
been carried on with iinpurified gelatin, ddicre is no doubt that von 
Schroder’s gelatin as w'cll as ours contained acids, and that in both casv 
salts were present. We could have neutralized our gelatin with some 
inorganic base, with subsequent dialysis until it was salt-free. This \\oultl 
have given us a purer gelatin, but we could not then have made a direct 
comparison betw'een our own and von Schroder's results. It seemed to us 
best therefore to repeat the experiments with ordinary gelatin, as the 
differences between the two substances would likely be less than if we used 
any purification method to remove acids and salts. 

During the earlier tests the gelatin was prepared by dissolving it at 
gentle heat in distilled water, after which it was poured into petri dishes 
which had been .slightly smeared with glycerol to prevent the gelatin from 
sticking to the glass; but as the glycerol is hygroscopic, this method was 
abandoned to avoid contamination of the gelatin \vith glycerol. .Mercun 
was used as an agent to prevent the gelatin from sticking to the glass (lurmi; 
drying. In this way sheets of gelatin of desired thickness could be secured, 
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Hiese sheets were cut into disks before they bec.inie uiti.vly dry. while 
.ril! slightly pliable, and the disks were dried mu in eontacl with air muil 
loss ceased. During this prepararit.n the gelatin was earefnlK 
pp.rrcted from dust to reduce chances of mold nr bacterial infection. 

['he disks were exposed to a saturated <itinosi)here in sinall wule- 
,ji,,urhed bottles. The bottles were arranged ^^ith a ta\Ar of nuaenry in 
the bottom sufficient to sink them. Over the mercury w.ls a !a\-er of water 
The gelatin disks were suspended over the water, jusi as near ihe water 
uirface as practicable, in shalknv paper liaskeis which were altaclud b\ 
threads and wax to the center of the rul)l)er cork winch c](md tlu‘ boiile. 
The rubber cork was shellacked upon its inner and outei surfaces to [>roiect 
it from water, probably an unnecessary precaution. 

d'o control the temperature the bottles weri' sunk in <i hreas iherninstat 
wliK'h was set to run at 26 C and which showed no de\ ia(ion with an 
ordinary chemical thermometer during the fiv(‘ niontlis while tlu- tests 
ueir run. It was found necessary to control the growth of bacteria .nid 
molds on the gelatin, and this was accomplished ]»y tlic use of small pieces 
of th\ inol in the wmter. The bottles were usually placed in the ihm-iiiostat 
for some time before the gelatin ^\as introduced. This allowed the .nr to 
become more nearly saturated. Then the weighed disks were [uit into tlie 
baskets. At Intervals which were purposely made infrequent so as not to 
interfere with the saturation of the air, the disks were ri nioved earefiillv 
and quickly to weighing bottles and weighed. ’I'he greatest rare was taken 
TO keep the disks from drying out during weighing, and to keep the air to 
which they W'ere exposed during intake intervals from becoming nnsalurated. 
The bottles W'ere alw'ays corked and returned to the thermostat during 
weighings. It was noted that there ^xas always eondciisation (^f \aj)or 
on the walls of the weighing bottles, so that it was not possible to prexent 
all losses ol water. 

Resui/is 

In all cases it xvas found that much more water was absorbed by the 
gelatin from the atmosphere than von Schroder had observed. During the 
preliminary tests in one instance there was a regular intake of water whieh 
continued for weeks, and which had reached an intake of 250 percent of the 
weight of gelatin when' it was aecidenlally overturn<*d by the laboratory 
attendant, and the experiment was thus 1 nought to an al)rupl end. 
considerable number of disks were started, some with and some without 
thymol. The rate of intake was apparently about the same during the 
lust several days, but the disks ex[)osed without thymol would always 
.‘'nffer in time with bacterial or mold infections, rsually after about (hree 
'kiys the uncontrolled disks had to be discarded. The indications wiue that 
the thymol itself was not noticeably accelerating the rate of water intake. 
Plotted curves practically coincided during the first several days, with and 
'vithout control. 
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One typical example nf the intake has been chosen to illustr, 
behavior of the gelatin under the given conditions. The gclatij 
weighed 0.787 g. air-dry. The absorption data obtained during 4, . 

are giv’en in table 4. 


Table 4. Ab'orption of Water by Gelatin in a Saturated Atmosphere. 


Time 

Intake in Water 

Gain Percent 

6.5 hrs 

0.1292 g. 

^5-27 

16.5 hrs 

0-2174 

27.62 

1 .0 day 


34-28 

2.0 days 

0-3796 

48.23 

3.0 days 

0.4599 

58.43 

4.0 days 

0.5332 

67.75 

5.04 da vs 

0.5884 

74-76 

6.0 days 

0.6260 

79-54 

8.0 days 

0.7109 

90.20 

lo.o days 

0.7754 

98.52 

12.0 days 

0.8356 

106.17 

14.0 days 

0-8734 

110.97 

18,0 days 

0.9644 

122.54 

22.0 days 

1-0374 

131.81 

26.0 days 

1-0979 


30,0 davs 

1.1602 

147. .42 

33,0 days 

1. 2209 

155.13 

40.0 days 

1.2886 

163-73 

47.0 davs 

^-3426 

170.59 


After the last weighing recorded in table 4 was made, the disks were 
returned to the bottles and left undisturbed for two months, as they wert 
hard to handle without breaking. On opening them at the close of two 
months, the disks were found in liquehed condition. No culturing was 
attempted to determine whether liquefying bacteria might have been 
present. But the thymol had inhibited development of molds, and it i;- 
usually considered that molds are less readily controlled than bacteria. 
It docs not appear to us likely, therefore, that liquefaction was broiiglit 
about by bacterial action. 

The contrast in behavior of gelatin as we have found it, and that reported 
by von Schroder, is shown graphically in figure i . The possible cause of this 
difference will be considered later. 

One striking thing which has been noted in regard to water absorpliun 
is the regularity of intake. It usually begins rapidly, and becomes con- 
tinually less rapid as absorption increases, falling off in regular fashion till 
approaching saturation causes a more rapid decline in the rate of intake. 
The rate of absorption has been studied particularly with reference to seed 
colloids soaking in water, and mathematical analysis has given us a fornuda 
by which the intake can be closely approximated by calculation. 

The same kind of analysis was made of the gelatin absorption fnaii 
saturated air, and the same formula that was derived from the absorption 
of water by seeds from liquid water can be used in calculating the ciirxc 
of absorption of water by gelatin from a saturated atmosphere. 



y; M)KPTiON' OF MOISTURE BY Glil.ATIX IX A SATURATKl) AT.M( )M>ii kki’ i . 

rl,e generalized formula is v = a Iog,o ih + i) -f- r, in which v is the 
p^iventage of total intake, and a the time, with </, h, nn.l c eonstanis. 



Fig, I. Curve of moisture intake of gelatin in a saturated atmosphere. Lower curve, 
from von Schroder’s data. Upper cur\x‘, froni data presented in Tahle 

In the case of seeds we found it neccssttrc' to use two or even three ciirA-es 
to approximate the experimental data (4). Similarly it is iieres.stry to use 
two equations for curves joining in a conmioii tangent value to (“xpress 
the gelatin absorption curve. 

The first part of the curve, with the values of a, l>, and c suhstiluted 
in the equation, is as follows: y ~ 93.4 logni (0.032.V + i) '|- 10.413; while 
the later part is expres.scd thus: y = 14U9 logm (0.0064.V T 1) + 4o.<S2. 
These two curves have equal tangents at .v = zog.47 hrs., at which time 
the two values for'y are, Vi = 93.22723, ami \''j = 93.22704. showing a 
break in the curve of only .00041 per emit. In other words, at the end of 
aI)out six days, when the gelatin has taken in sonKUhing less than its 
own weight of water (93 percent) it requires didereiit values for the ('()n- 
stants in the general forriiula to keep a caknilati'd curw* running close to 
die (lata. With these two successive curc'cs there is lairK’ close agreement 
between the calculated and the ol)ser\'ed data as shown in table 5. 

The agreement is very good with the exception of the first and the next to 
the last readings. The data at 960 hours may be in error, although lliere 
is nothing in the records to indicate it. It seems scarcely likely that the 
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data which had been running so regularly during the preceding 500 
would suddenly rise above the curve, and then drop back again 
curve 168 hours later. Tf the error involved accidental addition > 
water to the gelatin, it should show In the last reading also. If an . ^or 
was made it was most likely an error in counting the W'eights, as a redi , 
of 10 milligrams in the w'eight would bring the data to 162.46, which v,.,ul(l 
bring fair agreement with the calculated value. But even as the luim .. 
stand the agreement is very striking, and shows that w^ater intake 
steadily forward at a rate determined by the conditions of the experiiiu-iu 

T.vblk 5. Agreement of Calculated and Observed Intake by Gelatin from Saturalcl 
A tmosphere 



Time 

Dat^ Luw 

Ciilculuted IntfiL-e 

Data 

6-5 

hrs 

15-27 

18.08 


16.S hrs 


27.61 

27.62 

24 

hrs. 


33-53 

34-28 

48 

hrs 


48.16 

48.23 

72 

hrs 

5843 

58.89 


96 

hrs 


67-37 

67.75 

121 

hrs 


74.64 

74.76 

144 

hrs 

79-54 

80-35 i 


192 

hrs 


90.17 ' 

90.20 






240 

hrs 


— DicBK in curve “ 
98.17 

98.52 

288 

hrs 


105.22 

106.17 

336 

hrs 

110.97 

111-54 


43 ^ 

hrs 


1 122.52 

122.5.1 

528 

hrs 

ni.8i 

; 131-82 


624 

hrs 

139-50 

1 139-93 


720 

hrs 


1 147-08 

147.42 

840 

hrs 


1 154-98 ; 

15.5-13 

960 

hrs 


161.99 j 

163.73 

[,128 

hrs 

170.59 

' T 70.62 ' 



The actual rate of intake has been measured at several points by Inea^llr- 
ing the tangents to the calculated curve, and we give the rate of intake in 
grams per minute. 

When y = 25 percent, velocity of intake is .015101. 

When y = 30 percent, velocity of intake is .013348. 

When y = 35 percent, velocity of intake is .011672. 

At the break, y = 93 percent, velocity of intake is .002808. 

The rate at the time the break occurred was approximately one fifth of ihe 
rate when 25 percent had been absorbed. The steady fall in the rale "t 
intake should be noted. These rates are very much low-er, of course, than 
when gelatin is immersed in waiter, and must depend partly at least on tin* 
surface- volume relation of the particular pieces of gelatin used. One would 
expect a thin, flat piece of gelatin to absorb more rapidly than an ecjiial 
mass in spherical form. 



, -sorption of moisture RV GiaATiX IN A SATI KATI-n ATN[nsnii:Kl‘ 3_'5 

\n important difference between (he curve (if ubsurpiidii us slmwii htr 
, ,tia in saturated vapor and that obtained for st-eib in water sliould hv 
" The absorption curve for Xanthlinn seeds ^iuiws a break ai aboiu 

percent due to approaching saturation. Tlu' gelaliii eiirve here |)re- 
^ -nod shows no such break due to approaching satur.ition, liut niaimains 
4()\vly decreasing rate over long periods (if lime, with remaikabh' 
regularity. 

Dis[:i:s,si()N 

'Hie data which are presented indicate tluit gelatin alonibs imK'h more 
^viter from a saturated atmosjdiere than was found by \-oii Nduoder. 
\nd an examination of his data leads one to suspect (hat he did noi mainiain 
\ -saturated atmosphere. It is not so easy to se(‘ in (able bnl in (able 
which records the loss of water from .saturated gelatin, it is rather (‘a.^^ily 
detected. If the behavior in this case were normal, we sliould lind ili<‘ loss 
largest during the first 24 hours, because (he difference in moisture eiiuib 
ilwium was greatest at the beginning of the experlinein. hiaeh d.o there- 
after should show less and less daily loss because of (he closer and closer 
approach of equilibrium conditions, This, however, is not the case in his 
data. On the first day the loss is 0.259 g., on the second da>- ().07S g., on 
the third day 0.046 g., on the fourth day 0.055 g., and on the filth day 0.51 1 
cr ( oiinting average dally loss, there was nearly tw ice as large aM-rage 
daily loss at the end of five days as at the end of tlu' first four (la> s. And 
at the end of 14 days the average daih' loss was still more than double 
that at the end of the first four days. From the fifth dav on. (he loss i.s 
always much more rapid than during (he second, tim'd, and tourtli days. 
This would make it appear very probal)le tlial the gndatm was losing w'at(T 
Into an unsaturated atmosphere. 

•W if the atmosphere is unsaturated in this case, it probabh’ was mi- 
salurated in the experiments, the data of which are recorded in table 2. 
Iris a very difficult matter to produce and maintain coiKlitions ol saturalioii. 
and there is not much doubt that the frequent opening ot (he chamber tor 
weighing allowed the atmosphere to fall considerably Itelow the saUiratum 
point. There is nothing in \on Schrbder’.s discussion to show Ikav he 
handled his materials. Even in our own work we can not be eertmn 
that complete saturation w'as procured and maintained at a Imus. u 
the results would indicate that we came nearer to it tVuin <lul von Schroder. 

We feel that the amount of work done is insufficient to sbw (hat eo ok s 
do not exhibit the phenomenon to which \ on Schroder > woi ta c< a ui 
tion. Even though w^e have showm that gelatin takes up loni sa ur.i i 
vapor much more water than wnts formerh’ supposed, it nia>- still be true! nai 
colloids show a difference in behavior toward water in li<iui( an( 111 gaseous 
form. Much of the difference in the actual amount (j water ta^tn 1 
iiuist be related to the filling of minute lacunae wlien immersec in ’ 
and the saturation of the gelatin around the lacunae only, when expose( 
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vapor. The vapor pressure of a saturated colloid may actually be e. . 
than that of a flat surface of water, and the colloid be able there! 
distil water into the saturated atmosphere which is common to 
Whatever the truth may be in regard to this point, it seems to Linfi.r. 
lunate that a theory of physical chemistry should be based upon a . 
piece of work which shows somewhat gross irregularities in the data. wiuK,,,; 
any attempt to confirm the original findings. 

The experience we have had with gelatin in saturated atmosphere'. witJi 
conditions controlled as carefully as possible, at least suggests the rK»r;i- 
bility of a reinvestigation of the relation of the vapor pressure of col]oi(]< 
to that of the vapor pressure of water, before wc try to establish or accept 
theories which attempt to explain this relation. It might be found tliai 
there i.s little to explain. 

The University ok Kentucky, 

Lexington, Ky. 

LITERATURE CITED 

1. Bancroft, W. D. The action of water vapor upon gelatin. Jourii. Phys. Cheni. i 6 : 

396-406. 1912. 

2. Czapek, F. Biochemie der PHanzen. 2d ed. Vol. i, Jena, 1913- 

3. von Schroder, P. Uber Krstarrungs- imd Quellungsersclicinungen von (jelatine. 

Zeitschr. Phys, Chem. 45 ^ 75 "” 7 - 1903- 

4. Shull, C. A. Temperature and rate of moisture intake in seeds. Bot. Gaz. 69; 

1920. 

5. Volbehr, B. F. K. J. Untcrsuch ungen iiber die Quellung der Holzfaser. Kiel, 1S96. 



SLOW AND RAPID GR(n\']'K' 
H. S. Reed 


The growth rate of plants and of plant organs rEsmihhs tlio rair i.f a 
jtiMiioiiiolecular chemical reaction fReed. ip’oa). ilaviitn olnaiiunl a 
mathematical expression of the growth rate, it shtaihl ])e posGlile m analy/r 
the process into some of its main coni]K)iients. It has been found that 
the growth rate of certain organisms may be expressud by the difh-reiitial 
equation 


where X represents the si/c of tlie organism at tinw /. a represents the final 
size attained, and ^ is a constant of the reaction. The rate at any giwn 
time is, therefore, proportional to the amount of growth yet tn Iw made. 
It is accordingly rapid at the outset and becomes slower as tin* 'anl nf the 
growth period is reached. 

The integral form of this equation is 

. x = a(i - 

from which the size of the organism at any time may be ralciilatei,!. If the 
above assumption is correct, the calculated value of .v should not lie widely 
divergent from the observed value for the same time. As a matter of fact, 
the two values have been found to agree \'er\' well. It seems pro)it<d)le 
to extend this method of inquiry’ into different jjliases of the problem of 
growth, in the attempt to gaiii^ further information uii the ilynamies of 
growth. 

Measurements of a selected number of shoots on young apricot trees were 
made throughout the growing season. The mean length of the shoots at 
each interval of measurement was taken as the observed length at that 
particular time. 

The shoots were of two sorts, and measurements were separately made 
upon each. The first were on trees which received no pruning; tht; second 
were on trees which received, annually, a sc\-ere pruning, with the result 
that the new shoots grew very much more rapidly tluui those on the un- 
pruned trees. Both classes of trees are in adjoining rows in the orchanl 
and receive the same cultural treatments with the exception of pruning. 

At the outset, 50 shoots were selected for each class, but the number 
was reduced by various accidents during the summer, with the result 

‘P;iper 70, University of California, Graduate School oi Tropical Agrieiillurc and 
Citrus Experiment Station, Riverside, California. 
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that there were 33 shoots in the unpruned class and 28 in the pruned ; ' 

In either case the number of variants is large enough to give a satisiV, !nrv 
mean. 

Table i. Mean Length of New SJioois on Prunei and Unpruned Apricot Trees DHr>, 

Season 


On Uiiptunei] Tiees On Pruned Trees 



X (Observed) 

r (Calculated) 

JT (Observed) 

.1- (Cal.-ii-, 

ecks 

' cm. 

cm. 

cm. 

Clli, 

T 

9 

10 

13 

23 

2 

1 

20 

• 37 

43 

3 

25 

28 

60 

til 

4 

29 


73 

i 78 

5 

i 34 

42 

88 

■ 92 

6 

! 42 

48 

102 

105 

7 

50 

54 

1 13 

117 

8 

i 87 

59 

121 

128 

9 

63 

t >3 

132 

137 

10 

68 1 

67 

142 

145 

1 1 

71 i 

70 

148 

153 

12 

77 

73 

156 

' 160 

13 

\ 79 

76 

r 63 

166 

U 

' 82 

79 

174 

171 

r 5 

83 

81 

>77 

176 

16 

84 

83 

182 

181 

17 

85 

85 

186 

184 

18 

86 

86 

190 

188 

19 

87 

88 

194 

191 

20 

88 

89 

197 

>94 

21 

89 

90 

200 

K/) 

22 

90 

9 r 

203 

199 

24 





25 

94 

94 

208 

204 

26 





27 



210 

207 


Table i contains the observed lengths of the two classes of shoots on the 
successive weeks of measurement. The mean final length of shoots on the 
iiiipruned trees was 94 cm., and that of shoots on the heavily' pruned trees 
was 210 cm. We may let 100 represent the limiting value of Xi and 218 
that of .Vo, By a series of approximations the equation 

Xi = 100(1 — 

was found to be satisfactory for the values of the shoots on the unprunwl 
trees, and 

X2 = 218(1 - 0 

for the shoots on the pruned trees. A graphic comparison of these values 
is given in figure l. 

It will be seen that the only difference between the two integral equations 
is in the value of the constant a. The value of k, the constant of the re- 
action, is the same in both cases. The values of x calculated from thes-e 
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.>-’9 

ectis^itions (table l) are seen to be very dose to tlie observe.! values with feu' 
i.x('eptions; the values, therefore, inay i)e assumed to be approximately 

correct, 

A series of values more nearly correspnndin^r {^, ,,bser\ed lemiths 
he obtained by the means employed in aiuuher stmiy (Reed, ip.m m 
this kind, but the simpler equation gives sat isf.ietnrily dose vahu-s aiul 
its will contribute to clarity- of discussion. 



0 5 10 IS :o 2.^ 

Timt iiv Weeits 


Fio. I- Curves showing mean length of apricot slioots during one season. 

A A’ A, Observed lengths of shoots on j.runed trees. 

, Length of shoots calculated from x-, JiMd — 

0 00 0, Observed lengths of shoots on unpruned trees. 

, Length of shoots calcnlat.'d from .vi = looi . - t “ '’‘ a 

The differential equation, dxjll = kia - .v). rcpre.sents rate ol growtii, 
fa’., amount of elongation in unit time. It we get the weekly incremenis in 
k'ngth, wc shall have the observed increments in unit time expressed as a 
uue per week, and can compare them with xalues calculated trom the above 
(lilferential equation. Since there are ine\ itabh* fluctuati(.uis in the actual 
growth rate, it wall be better to use “adjusted” values, 5. of the ol)served 
increments. This is a slope method of determining the obsetv'cd values of 
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ilx;(lt and has been applied to statistical problems by McEwen and h 
(1919). Its usefulness depends upon the fact that the slope of the ch. ' 
simple curve is approximately equal to that of the tangent at tiii 
midway between the extremities of the chord. The values of S are ti|, 
from I (observed length at time I 1 ~ observ’ed length at time j , 
which represents the average rate between time t -f | and time - 1 
Figure 2 show^s the values so obtained compared with the calculatei' raii 
They show that the rate is at a maximum at the inception of the eKwili 
period and follows the course of a curve decreasing exponentially a. 
end of the period. 



Fig. 2. Curves expressing rate of growth of apricot shoots. 

AAA, Observed growth increments ( 5 ) of shoots on pruned trees. 
, Values of dx/dt = .11(218 — Xj). 

0000, Observed growth increments ( 5 ) of shoots on unpruned trees. 
, Values of dx/dt = .11(100 - X\). 
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^•rom these results, it is plain that the quantitative difu-ivnee heivvet-ii 
jt., : wo classes of shoots existed from the verv eut^e^. and that the oi.,,,tei- 
growth of shoots on the pruned trees was diu- to their faster Kn.wth 
j,, -he early part of the period. This coiuiudon aeeords with (he'reMilt- 
[Varl and Surface (1915), ^vho showed lliat the sutHain, plants in a 
prrnlation are, as a rule, superior from the seedling ^age. and that tiu- 
inda-ior members of the population are likewise iiderinr from the lu^ginninn. 

This raises an important physiological question, ev'r,, How did ihe prunin'i; 
of .aic lot affect the growth process in such a wa\ that they made so imieli 
mere rapid growth as soon as activity began in th<‘ spring.-' In other wonls, 
what happened to cause one lot to grow thre e times as fast as tlie other iii 
tlie second week? 

Referring to the differential equation expressing the rate, it will be seen 
that the rate In unit time is equal to the product of two {luantitics. 'bhe 
first quantity is k, the constant of the reaction, and the other is ia - x), 
the difference between a constant and the- length of the shoots at time f. 
The rate of growth of the two das.ses of shoots differs, tlien, on]\ 1)\- the 
value of the second factor, i.e., {a - .v). From the data, it seems pnTahle 
that^, the constant of the reaction, is determined by the genetic constitution 
of the tree. It is well known that its value is determined from 


The quantity - x is, therefore, the one whose value was altered. Now, 
from the integral equation 

X — a{i — 

it is easy to see that 

a ~ X — 

which means that the values of a — .v are equal to the product of a by an 
exponential function of the time. Since in both tlie unpruned and the 
pruned trees the value of was the same, it is, therefore, plain that the 
value of a — x is dependent upon the value of a. While the vahit- of a 
nuist be, in a measure, deteriTiinerl by hererlltar}' factors, it seems alsf) 
subject to the influence of outer environmental factors such as those here 
operative. 

In short, the rate of growth of the shoot appears to depend upon its 
final length. Whatever, therefore contributes to the production of (he 
ultimate length of the shoot influences the rate of growth from the beginning 
of the season. 

The close correspondence between the growth of the shoots and the 
equations above stated is evidence that their gro\vth is some sr)rt of a 
catalytic process. According to this view, the organism is the end-product 
of a process in which a catalyst acts upon a substrate. 
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CYTOLOGY AND SYSTEMATIC POSITIOX 01- 
CRUEXTUM XAEGEiJ 


P<H<PlIVR|[)n'M 


IVEV F. Lewis Axn Cuxwav Zirkli. 

Porphyridmm. cruentunp named b>' Xaj?eli in i84() h i. h-.d , v i 
hi„„ry equaled by few plants. It had previenslv b™, called VTn'",',' 
linice Thelepora, Tremella, Sarcodcnna. and Hyssiis. .\i;;,rdl, ie,i H, p 
iKimed it PalmeMn cruentn, and under this nanm Ha^sah d iH.i'|-u.,| ' '**'•*)' 
,he I'almellaceae, Indeed, Xiigeli himself ,, laced ii'h, diisT"','! i' 
rliere it was kept by Kutzing in his Tabulae Phvmiugic ,e i iha,, i V 
the „.ime given it by Agardh. RaI.enhorst scents to htive been' ilte 'ii,'! 
t„ place It ui the Porphyraceae (1868), t.nd he was fnihnecd In thi. t„„r 
tears later by Wood. Cooke in 1884 retiirned it t,. the I'tiliiiell.ace.te 
Wollc likewise placed Porphyridium in the Chlorophvceac ami i,'|„ 

he identical with Proiococcus tmiiialiis. On the olher hand Sehinilz teil 
liraiid) eonsidered it related to the Florideae, and (iaitliikm- icit Fimler 
and Prantl) put it in the Bangiaceae. In iqoa Chodai reinrtied it to d,,- 
( hlorophyceae and would place it near Schizogonitini. Wes| tw„ «■ ns 
later Ix'iicvcd that Porphyridium belongs in the hlyxophx eeae and is allie.l 
tn Aphanocapsa, while Hansgirg (oil. DeToni) made the genus but a species 
»l Aphanocapsa and called it A. crucnta. Oltmanns in '0,05 p„t P,„|>l„n' 
(hitin once more in the Chlorophvceac. He was not certain as to its evii-i 
postlion but placed it supplementarj to the Sre.iedesmaceae DeToni 
classified Porphyridium as one of the Myxophvceae belonging to the f.inniv 
t.laiieopliyceae. Brand in 1908, as a result of his work on lliis plant, 
iielieved that it belongs to the Bangiaceae, and in this he is generallv lollnweil 
by the systeraatists, Engler and Prantl, West, who changes his origin;,! 
position, and Collins. Tilden, however, keeps Poriihyridiuin in the Myxo- 
pht-ceae. W'hile Kufferath got .some results vert- different from Brand's, 
ne agrecxl with the latter as to its systematic position, although he sug- 
gested lhat in the contingency of its having no chloroplnll it be placed 
the red bacteria. Brand cited Bnrzi as being in favor of putting 
orphyridium with Protococcus, Richter as ftivoriiig putting it wiili 
rentepohlia, while Klebs would have it ;is a (]iii'sli(>iiable member of 
the 1 leurococcaceae. 


The descriptions of Porphyridium differ almost as much as its various 
•>>ft-nidtic positions. Niigeli, working iinfortunatciv with dried inaterial. 
«‘^fnl)ed it as follows: 

f UIm flattened, in surface view round or somewhat polygonal from 
‘Uera pressure, with a lateral thin coiiffiient sheath, united in one-layered 
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free-lying families; divisions in varying vertical planes; all gen. 
fully developed and alike; cell contents purple. 

“Type P. cruentum {PalmeUa cruenta Ag.), the only known spec : .. 

“The blood-red gelatinous layer consists of larger or smalic oiu., 
layered plates, whose cells seen from the surface appear roun.!, ,’ 
mostly somewhat angular. The thickness of the cells is in dry • -im-tis 
one third to one fifth the breadth. The thin sheaths run togeilr . in a 
structureless jelly in which the ceils are imbedded. The sheaths aie ,,ni. 
third to one fifth, more seldom up to one half, of the lumen. The tiui ^vall 
is very thin. 

“The cell content is colored by erythrophyll. It looks beamifuHy 
purple and agrees in color with Porphyra vulgaris, I could not see a luick us 
in it.” 

On procuring some living material he amended his description soninvhat: 

“Cells spherical or polyhedric with tolerably thin confluent sheaths, 
united in a somewhat gelatinous layer; divisions varying in all directions 
of space or exceptionally only in vertical planes. ... 1 his genus is dis- 
tinguished from Palmella by the erythrophyll in the cell content." He 
added in a note: “Further 1 saw in the fresh plant, often in every cell, a 
whitish granule (a chroinatophore filling itself with starch), such as the 
other Palmellaceae possess.” 

In 1875 Mer found starch in Porphyridium, and in the same year 
Saint-Lcon found no trace of sexual reproduction and only simple multiplica- 
tion through the division of the vegetative cells. Schnetzler (1878) reported 
that the red coloring matter disappears when the alga is pickled in a borax 
solution, leaving the color green, and Nebeliing (1878) that the red pigment 
has a spectrum which may be considered as a modified spectrum of the 
pigment of Phormidium. Schmitz added considerably to our knuv, 'ledge 
of this alga by describing in it a star-shaped chromatophore, which, like 
those of the Bangiaceae, Bacillariaceae, and Rhodophyceae, contains no 
starch; and also a colorless centrally located pyrenoid and an eccenirk 
nucleus. Later he reported that “the special cell membrane is repeatedlv 
formed anew on the single cells, the old membrane is torn through on (nie 
side and stripped ofi as a stalk, at first sharply delineated and later becoming 
more and more formless gelatin.” On the other hand, OUmanns descril)«i 
the cells as being imbedded In formless jelly. 

Brand reported that the chromatophore is not typically star-shaped l)iit 
often in wet weather is round, and that the star-shape, when it does occur, 
comes from its being indented with the peripherally located granule^ and 
vacuoles. These granules he took to be cyanophycin granules, though he 
records that they are not stainable with acid carmin, which is generalh 
held to be the most typical stain for such granules. The coloring marttr. 
he found, is floridcan red and varies only in its intensity. He was uiiabk to 
find any green modification. The pyrenoid is described as being riiig-diapi 
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iten hard to see, and m “house cultures” it exen clisippeat. iu ,uum 
I n regard to the nucleus he said: “Although ikav the exiso.,uv ,.f’ , 
.s is priori very probable, 1 could, after coinpletek- dissolx i,,- die 
du i ii. never with certainty show one. 'I'he niieieiisdike struetuivs xvhu-h 
in living as well as in fixed stained material, are iit>t only in re-ard 
. /e, form, and position very variable, but appear sometimes dngle 
.metinies many. All usual methods of staining ha\e given me. through 
,-^.pr.(ted investigations, very uncertain results.” 

Kufferath, utilizing the technic of bacteriology, uas able to get a [>ure 
culture of Porphyridium to grow In varifiiis gelatinous media. 'I'he .alga 
growing thus showed a great increase in size, at times reaching a dianieter 
of -M showed somewhat of a variation in Its nietluxl'iif dixision. 
')Vo daughter cells sometimes developed within the liody of tlu- nioilKa- 
cell, and even tetrads occurred. Kufferath denied the existence of a px renoid 
in Porphyridium and stated that w'hat has been taken for a px renoid is an 
optical effect due to a convergence of the 'light rays hx- the jdastid. In 
regard to the nucleus also his findings are quite different faiiu Brand’s. 
He writes: “The nucleus, which has been seen caily by Schniit/, is colored 
bv the usual stains; it is oval, somewhat refractixe and api>lied against 
the cell wall; it is small and we have not been able to distinguish its intimale 
structure.” 

A most obvious explanation for this divergence in the results of the 
various investigators would be furnished if the case of PorphxTidium were 
analogous to that of Protosiphon and Botrydium. Different sj)ecies of 
plants, no matter how much alike extemially, xvould hardly give identical 
results on an intimate Inv^'estigation, especially If their ancestry xvere dix'erse 
and they had evolved along parallel lines. While it is possible that more 
than one genus has been investigated under the name of PorphxTidium, and 
this possibility should not be ox^erlooked in future inx'cstigation of this 
much studied but little known alga, the facts at present do not substantiate 
this hypothesis. The present investigation has often shown in the same 
])iant two characters, each of xx^hich has been descril)ed and had its existence 
d(‘iiied by some of the aforementioned authors, xvhose x iexvs xverr* ju^^t the 
opposite in regard to its accompanying character. 

The diameter of Porphyridium in the material studied xarlc's from .5 n 
to 9 g, the smaller cells almost uniformly being in the resting ('ondition. 

1 he jelly secreted by each cell forms an individual sheath about (hat eell 
and. xxhen division takes place, the txvo daughter cells are in the same 
>tieath, which follows the constriction of the cells qmte intimately, ami 
It'ngthens as the cells draw apart. The portion of the sheath bt'txveen the 
two cells becomes drawn out into a strand or stalk digs. 10, it. 39). As 
these cells vvere orlginafly wdthin the sheath of the nu)ther cell, xvhich itself 
was on a stalk, we frequently find the mother stalk branching into two 
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daughter stalTcs. However, no case was found of more than u\, 
being lx)rnc on branches on a single stalk, which would indicate li 
stalk does not persist through three generations. Indeed, if grr \ili 
inhibited, the stalks tend to blend into a common gelatinous sluadi aiui 
appear as in figure 12. The stalks are elastic. It is quite a ( < niiiion 
instance for two sister cells to have stalks of different lengths, and in ladj 
instance observed the longer stalk was the thinner, as if it luui 
stretched out. Brand observed that the pressure of the cover glas- 
flatten out the jelly, which would resume its original shape if the pn-siire 
were removed. 

Loffler’s flagellum stain will show these stalks very well, a little lietier 
as a rule if pyrogalllc acid be used in place of tannic acid. A good nieihed 
of proceeding is to place a small amount of rapidly growing alga on ;i slide 
and allow it to dry until it has lost all of its water content. It should then 
be covered with the mordant and heated for ten minutes over a water bath. 

Much clearer results, however, have been obtained by allowing the alga 
to dry as described above and then fixing in the following solution: 


Sat. sol. anhydrous ferric bromide iti ether 1 part 

Molar sol. pyrogallio. acid in ether j part? 


The water in the gelatin will cause the solutes to ionize, and hence ink will 
be precipitated witliin the gelatin. This makes a good mordant for gentian 
violet and safranin. If the jelly has dried too much it can be impregnated 
with ink by having the fixing agent washed off with water. Another good 
fixing and staining agent for jelly is; 


Sat. sol. gentian violet in 95 % alcohol i part 

Formalin (40% formaldehyde) 1 iwrt 


Thisstains\he jelly a dark red or purple and leaves the cell contents coiurless. 

The chromatophore is typically star-shaped in the resting cell (figs, 
12, 13, 18). However, in the cells that are rapidly growing, the enlargement 
of the cell does not seem to be followed by an equal increase in the size uf 
the chromatophore, so large vacuoles appear at its periphery. Its shape 
can then be best described as amoeboid. 

The chromatophore is of a dark red color, almost that of clotting blood. 
If, however, the plant is allowed to stand for a short while under water, the 
red coloring matter can be seen dissolved in the winter and the gelatimtib 
mass becomes grass-green. 

The centrally located body, which has almost uniformly been ealleb a 
pyrenoid whenever it was observed, and will be considered such in thi^ 
paper, is colorless in the living cell and appears only as a light spot in iIh' 
chromatophore. Unstained it could very readily be mistaken for an arte- 
fact due to the refraction of light by the chromatophore. However, the 
“convergence of light rays" of Kufferath takes Heidenhain’s haematoxylin 
very well and is not indifferent to gentian violet and safranin (figs. 2, 9. b''- 
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The pyrenoid is generally spheroidal in shape, though when ihe eel! 
to divide it lengthens and becomes somewhat angular. .\< a r ule h 
uniformly dark, though at times it appears riiig'sliap(d with a lel 
unstained center (figs, 25-27). 

\ >ingle eccentrically located globule, a trifle smaller than the |n r'e/!..i<l 
i^en frequently noted in Porphyridium. It can he seen wry eadk in 
.is ing specimen and has been obser^•e<i to fragment as the water eontmi 

he cell increases, the fragments arranging themselves alum! the ehrom.ite- 

pj,„,v. Except in its reaction toward acid carmin it stamis t(» aet as if it 
;vere cyanophycln. ^ Tn general, we find, it takt's the usual mu'lear stains, 
haeuaatoxylin, gentian violet, and safranin. 

Picric acid has, on the whole, given tiie l)esl results as a fixing (iuid. 
If it is washed out in running water, the chromatopliore will be dis^nlwd 
timl the pyrenoid and "nucleus” left without Ireing obsnued bv ;i)i\ etlrer 
cell structure. Ten minutes in the acid is enougli for the lixatien, and fonn 
jiftcen minutes to twelve hours will do for the uasliittg out of the fixative. 
Mordanting for otie hour in iron alum and staining for a like period in 
luiematnxylin have given the l)est results with this stain. Staining for 
ten minutes over a water bath is sufficient for anilin-gentian vlnlm and 
i^uliivsafranin, and the specimen can then be decolorized hv allowing if 
to stand over night in methyl alcohol. .Another \ ery successful fixallx e ami 
mordanl is: 


pyroitallic add (35% aqueous sol.) p,irts 

Ffrrous sulphate (sat. sol.) 5 tons 

Fuchsia (sat .ale, sol.) 1 p;,,-} 


\ an Ermengen s osmic acid process has gi\eri only fair n'siilts. When- 
ever the material was fixed in either of Flemming's fluids, or when fixed in 
picric acid and hardened in alcohol, the chromatophore stained so densely 
that it was impossible to distinguish antthing in the cells clearly. Fleni- 
luing's triple stain has given very fair results. 

The chromatin, coirsisting of a single eccentric granule surrounded by a 
clear .s])ace in the cell (fig. i8), is typical of the resting stage, a stage described 
by Brand as "wasserarm.” The cell, howe\'Cr, if dried, is useless as far 
as any clear results are concerned. As the cell prepares for division, this 
granule enlarges and begins to fragment, assuming the various shapes shown 
in figures 18-27. hard and fast rule can be laid down for eslaldishing 
a sequence of forms in this breaking up, as there are many forms which do 
not fit well into any series that could be arranged out of the others, all hough 
some of the shapes occur in many cells. The 'T'” shape is perhaps the 
most common (figs. 21, 22), and it is not at all unusual to find the fragments 
United in a line (figs, 2,3, 24) or in a ring (fig. 20). Frequently the pieces 
''^ drawing apart leave trails which haxa a striking resemblance fo the 
ntitotic spindle (ftg. 251), which resemblance seems to be purely accidental. 
As an end result of this fragmentation the chromatin is distributed in the 
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form of small elongated granules about the periphery of the chroma;; 

(figs. 27, 28). These granules then fuse end to end and a well 
spireme results (fig. 29). A striking thing about this spireme is i;.. 
various strands lie parallel to each other. One is greatly tempted a, 
in this a conjugation or perhaps a splitting of the spireme. Howe\ - ; . 
members of a pair do not necessarily go to different cells. The >; 
breaks into pieces of Var>nng lengths, and these segments frequenlK 
draw into two distinct masses before the cell has started lo o.h-iric^ 
More often, however, the chromatin is constricted in two with tiu cell 
(figs. 30, 31), and it is nothing unusual to see strands extending soim- 
tance into- each daughter cell when the cells are connected only by a narmu 
isthmus (fig, 33). Two granules of chromatin occur regularly at tin- polf. 
of Ihc dividing cell at the maximum distance from the plane of consu-iciid,^ 
(figs. 30, 31, 32). These granules occupy these definite positions tfio often 
for this arrangement to be due to a mere fortuitous placing of waste chro- 
matin, though what function is served is not at all clear. In the majtjrirv 
of cases the segments of the spireme in newly divided cells lie alongside the 
new' wall formed by the constriction (fig. 33), If any spindle fil)ers were 
present in this division, the technic used caused them to be dissolved, 
as no traces of them were found. The evidence at present indicates ihaj 
a typical resting stage is not necessary betw’een successive cell di\ 
especially if the conditions arc just right for rapid growth. 

The dividing cells studied came from an agar culture in Chodai- 
Grintzesco solution. For a culture to thrive it must not be in a liquid 
medium or kept in the dark. No organic energy-yielding compound wa- 
necessary for rapid grow-th. 

In searching for mitosis in a primitive or degenerate plant, the iiivisii- 
gator is exposed to the danger which beset the late centrosome hunters, u! 
mistaking a chance resemblance for a homologue. The eccentrically placed 
globule seems certainly to be chromatin, and w^hether w-e call it a nuclei^ 
or a nucleolus depends upon the relative flexibility with wdiich we use these 
terms. In regard to its fragmentation it resembles the nucleolus, though 
if it is the nucleolus it contains all of the chromatin at this stage, which ].> 
not typical. The amount of chromatin apparently increases greatly as the 
fragmentation progresses, and this increase is too great to be explained hv 
the increase in the precipitation of the stain on the increased surface exposed. 
Some of the stainable material may come from the fragmented pyrenoid. 
The chromatin is arranged in a typical spireme, which breaks up inU' 
segments of diverse sizes which may safely be considered as analogues ot 
‘ chromosomes. There is no lining up on an equatorial plane or any indica- 
tion of the segments splitting and having their halves drawm to opposite 
poles. This method of nuclear division may be recorded as mitotic, I'tit 
the mitosis is quite primitive and of an exceptional kind. 

I'he bearing of this method of nuclear division upon the systematic po^i 
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j,,,. ni Porphyridium must be uncertain until more is km^wn of (hr mi.'le ir 

,v of the Bangiaceae. The resting stage is cenaiulv unlike auMlkn’ 
in the Myxophyccac, though the later stages show a crriain o" 
.nt.Mance to this group. The whole process is a bit fo(i primitixe for ,h,. 
t'h:^-ropliyceac. In regard to its other characteristi('s lV.r[)hyn.lium re- 
.^-irhiles thc/Bangiaceae, and it would be Itest to keep i( in this group. 

I'lie authors wish to thank Dr. \V. R. Taylf)r for the matenai he su]>]>liecl. 

Sl'MilARV 

1. Divergent results of the various Investigators are iwobahly due to 
their working with plants at different stages of growth rather than (o their 
wcii'king on plants of different species. 

2. The jelly is homogeneous only after a (trolonged [)erin<l uf inaetivily 
of the plant. In growing material the cells are born on gelatinous stalks. 

y The chromatophore is star-shaped only in the resting stages. Its 
red coloring matter can be extracted, leaving it green. 

4. Porphyridium has a distinct, easih- stainal)le, centralK- located 
|)vrenoid, which is generally spheroidal though sometimes ring-shaped. 

5. In the resting stage Porphyridium has a single ciTcniric glol)nl(‘ of 
chromatin homologous to a nucleus or nucleolus. Xuclear dixision is 
crudely mitotic. 

6. Porphyridium had best be kept in the Bangiaceae at present . 

BrOLOGlCAC LABORATORV, 

L'XIveksity of Virginia 
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EXPLANATION OF PLATES 

Pl.\te XX 

These photographs were taken with a Gordon’s photomicro camera. In figure i, 
Zeiss 2 mm. water-immersion objective and a Bausch and Lomb no. 10 eye-piece were used; 
in figures 2-12, a Zeiss r.5 mni. oil-immersion objective and a Zeiss compensating oeiikir 
no. 6. The tube length was 160 mm. Magnification, X 400. 

Fig. I. Living cells showing cell division. 

Fig. 2. Fixed in picric acid and stained in Heidenhain's haematoxylin. 

Fig. 3. Same as figure 2. 

Fig. 4. Fixed over a water bath with picric acid and stained with anilin-gentian violet . 
Fig. 5. Fixed and mordanted with pyrogallic acid-ferrons sulphate, stained with 
anilin-gentian violet. 

Fig. 6. Fixed as in figure 5. Not stained. 

Fig. 7. Fixed as in figure 5. Stained with anilin-safranin. 

Fig. 8. Stained by Van Ermengen’s osmic acid-silver nitrate process. 

Fig. 9. Fixed with tannic acid, stained with anilin-gentian violet. 

Fig. 10. Fixed with a solution of pyrogallic acid and ferric bromide in ether, staina! 
wath safranin. 

Fig. 1 1 . Same as figure 10, 

Fig. 12. Fixed In i part formalin and i part saturated solution of gentian violet in 
95 (0 alcohol, counterstained in Heidenhain’s haematoxylin. 

l>LATli XXI 

Figs, ly-yi- Ll\'ing material showing increase in size and cell division. X 10,0. 
Fic. 18, Resting stage. X ihoo. _ 

F'igs. 19-27. Stages showing fragmentation of chromatin and changes in pyrenoio. 

X lOoo. 

Figs. 28-34. Stages showing nuclear and cell division. X 1600. 

Figs. 35-38. Stages showing reassembling of chromatin. X 1600. 

Fig. 39. Cells connected by stalks. X ihoo. 
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SOMATIC CHROMOSOMES IX TRADESCAXTl \ 

Lestkr \V. Sharp 


IM'RODL'CTIOX 


In 1913 writer published the results of a stiidv of ehroiinKonu' 
iH'luivior in the somatic ceils of Viola Jaba, the principal mnclusion re irlud 
being that the splitting of the chromosomes is a phenomenon of the jiropliasc 
This view was directly opposed to that of Lundeganih (ipio, ip, 
and Snell (1911), and Miss Digby (1910), who had eontemU'd thal\lu' 
lelophasic alveolation of the chromosomes represents a splitting, and timt 
the chromosomes remain through the ensuing resting stages' as doulih* 
Structures, It was pointed out by the writer that this lattiT interpretalion 
is rendered untenable by two lines of e\idence whieh appe.u when the 
various transformations of the chromatin are minutely examined; lirsl, 
the telophasic alveolation is Ax^ry irregular and transforms (xieh chromosome 
into an alveolar and then into a reticular structure which is in no true sense 
double, although chance arrangement of the \aciioles may often make it 
appear so; and second, the reticular chromosome, after sepaniting from 
its fellows in the common reticulum during prophase, gives rise in a peculiar 
manner to a single {i.e., not double) slender thread in which vacuoles, all or 
nearly all of them new, appear and develop into the true split. 


The theory of telophasic splitting has been restated by I'ras^T (9914), 
Digby (1914, T919), and Nothnagel (1916), who have cinidoyed it in (he 
attempt to solve the problem of the heterotypic |)rophase. This ]>oiiU is 
one of fundamental importance, and will be taken up in some detail in 
the discussion. 

The present study of the somatic chromosomes cT Tradnscantia vir’^inunta 
Iv. was undertaken not only to test the Avriter’s position Avitli rcsjHTt to (lie 
time of chromosome splitting in somatic mitosis, but also, by determining 
more precisely the nature of the transformation of the chromosomes in,thc 
somatic telophase, to ascertain to what extent, if at all, this transtbrniation 
^vill aid in the interpretation of the heterotypic pro]>hase. Hsst'utially the 
same methods were employed as in the former investigation of \T'ia. 
Although the behavior of the chromatin in the two ('ases strikingly 
similar, Tradescantia, so far as could he judged from the preparations 
f'luained, proved to be inferior to Vicia for a stiuK of the late prophases; 
h'r the analysis of the critical stages of the telophase and early jirojihase, 
hr wever, it turned out to be quite superior, many except ionalK- clear figures 
being obtained. Root tips alone Avere used. 

Among previous Avorks dealing with Tradescantia may be nientiniicfl 
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those of Strasburger (1900), Miyake (1905), and Farmer and Shove 
The first two papers treat of the maturation mitoses. Both Stra-l 
in his figures 97-100, and Miyake, in his figures 152 and 153, siu , 
process of alvcolation in the chromosomes during the heterotypic tej- ' 
Farmer and Shove give an account of both the somatic and the mai!: 
mitoses. They speak of a “ vcsicujation ” of the chromosomes in the s' 
telophase, the chromatin becoming a “cloud of fine granule.s throii;.!i rlx 
linin band”; and describe “broad band-like areas” with the chn uj.jtin 
in a dense “granular aggregation” during the early telophase. These 
tions are faintly suggested in their figures 2, 2a, 20, and 21. But in iioDe- of 
these investigations have the changes undergone by the chromatin lietn 
followed closely enough to afford evidence on the time of chromo^jine 
splitting, or on the precise manner of the transformation of the chronio^nnKfi; 
Into the resting reticulum and of the latter into chromosomes. 

Description 

In order to give an uninterrupted account of the history of the chromatin 
through the critical stages — the telophasic transformation of the chromo- 
somes into the resting reticulum and the subsequent condensation of the 
latter into chromosomes — the description will begin with the nictaphase. 

Metuphase- and anaphase. As is usually the case with long chromosomes, 
those of Tradescantia are inserted on the spindle by their middle points. 
Six of them are thus shown in figure i (a portion of the chromosome on the 
right has been cut away). Since no detailed comparison of all the chromo- 
somes of the group has been made, it is not known whether or not this mode 
of insertion is an invariable one. The free ends of the chromosomes extend 
out in various directions, but most commonly lie more or less parallel to 
the axis of the mitotic figure. As Farmer and Shove also observe, the 
doubleness of the chromosomes reaches its maximum distinctness at this 
time. 

Because of their mode of attachment to the spindle, the chromosomes 
take the form of Vs as they move toward the poles at anaphase (figs. 2, 3). 
The mottled appearance shown by the chromosomes appears to be due very 
largely to their uneven contour, though unequal density of the chromatin 
in various portions of the chromosome may be partly responsible. Nothing 
which can be called internal granules or chrumomeres has been distinguished 
at this stage, and only occasionally do any vacuoles make their appearance 
so early. As they reach the poles the chromosomes become much shortened 
and thickened, and contract into two dense groups in which the limits ol 
the chromosomes can be made out only with considerable dilficulty. I he 
new' cell plate now begins to be differentiated on the fibers between the two 
groups. 

Telophase. After remaining in close contact for a short time the chromo- 
somes begin to separate from one another, and as they do so they cohere 
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. .u-ioiis points where their substance becomes (iraw n out lu Nu-m jn^vu* 
5 )‘ Although itjs possible that some of jIh> aiusi..nmM.., 

■ 'll become very numerous in later stages, iiia\’ originale after (he m, inner 
of • -eudopodia, it is clear that the earlier ones must be hirmed m.bnlv bv 
^j,, \,,hercnceof the viscid substance of neighboring clironmsomes <.ngiiiailv 
li,' , ;,,itart. Meanwhile the karyolymph has liegun to form, the nurle.ir 
ijn-ibrane differentiating where it comes in coiUa('t with the cyiopl.iMn, 

The telophasic alveolation or vacuolation of the ('luomosomes begins 
■u nl)OUt the time the latter begin to separate as alioNe (iescrihed. Tin- 
vacuoles first appear within the chromosomes as somewhat ohsrure tlmimh 
rather sharply limited regions of circular or o\aI form (lig. 5). 'riu-y 
develop not only along the axis of the chromosome but also near or against 
its periphery; in fact, an inspection of the figures shows (hat lliey ma>- 
occur in almost every conceivable position aJid with no regular arrangement 
with respect to eacli other. At a slightly later stage they Iiecome clearer 
aiul more numerous (fig. 6). 

"I'his variety and irregularity in the arrangement <jf (he vacuoles calls 
for special emphasis, because of the fact that the writers named in the 
first paragraph of this paper }la^■e interpreted the telophasic aKeolalimi 
as a splitting, the chromosomes from this stage onward being conseijncntly 
regarded as double. Attention is th(‘refore directed to (he conditions 
illustrated in figures 6-9. It is noticeable that the \ aciK)les may nearly all 
he along the margin of the chromosome (right erlge of upper [lueleiis in 
figure 6), and also that two or three may lie side by sid<‘ across tln> wiflth of 
the chromosome (left edge of same nucleus).. In figure 7 tire shown two 
chromosomes in which the latter condition is cspiadally pronounced: here 
it i.s manifestly impossible to speak of a split. Trans\’er.'^e sections of (lie 
chromosomes at these stages are particularly instructive (fig. 9). Siii'h a 
section passing through a region where then; is lait one large N aeuole more 
or less centrally placed has an appearance represented in figure <>/, A 
chromosome with a series of such central \'acuol('s would appear dotilde 
if viewed from the side. This, however, is onh’ a special case of a more 
general condition. Figures 96-9/ show sections pas.^ing through regions 
occupied by several vacuoles side by side, as in the ('hromosonies oi figure 7 
and those at the left in figure 6. It would seem to require no iurtiier argu- 
meiu to show that the chromosomes during these and the later telophase 
stage.s are not split ribbons or threads, but are irregularly alvcolated (wlin- 
ders; and that they can no more be called 'Tlouble" than tripU; or 


quadruple. 

The above described changes continue, gradually transfoiming 
alveolatcd chromosomes with their anastomoses into a common relicu 


the 

lum. 
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apparently become more numerous, and the alveolation of the ch jk, 
somes becomes more complete (fig. lo). The chromosomes at thi^ 
usually show a distinct polarity in their arrangement, as represented . 
diagrammatically in figure 8. As the vacuoles within the chromosoji 
crease in size and number, their boundaries at the margin of the cli: i],, 
some break down, allowing them to become continuous with the n, , 
cavity. In this way the alveolar or vacuolate condition passes into a rrir 
ular one; each chromosome becomes an irregular netlike structure winch 
is in no sense double. All of them together, with their connecting 
lomoses, constitute the common reticulum of the late telophase and 
phase or resting stages. The limits of the constituent chromosomes n tnain 
visible until a comparatively late stage (fig. il). 

Interphase and Rest. The degree to which the telophasic transforma- 
tion is carried varies considerably in different nuclei, the amount of 
being correlated with the rapidity with which the mitoses succeed f)tie 
another. In the most active part of the root mcristem it seems evident 
that the transformation may go no further than the stage represented in 
figure II, the prophasic changes of the next mitosis setting in at once. In 
such an event the chromatin passes directly from the stage of figure n 
(telophase) to that of figure 14 (prophase): the anastomoses connecting 
the reticulate chromosomes begin to break down while the chromosomes 
are yet distinguishable, so that there is no time between the sutxessivc 
mitoses at which the limits of the chromosomes cannot be seen. It is plain 
that in such cases the structural identity of the chromosomes is not lost 
during the interphase. 

The interphasc condition most commonly found in the root mcristem is 
that shown in figure 12. Here the telophasic transformation has been 
carried much further; the anastomoses for the most part cannot be diS' 
tingiiished from the other fine strands of the reticulate chromosomes, and 
the limits of the chromosomes cannot be made out with any certainly. 
Here and there are lighter regions which probably represent boundaries 
between the constituent chromosomes, and if the prophasic changes were 
to begin at this time the reticulum would almost surely break down along 
these lines. The diromatin may apparently continue in this state for 
some time, so i^iay properly be said to be in the “resting” condition. 

In older tissue, but only rarely in the root meristem, the telophaslr 
changes continue until the nucleus has the structure shown in figure i.v 
The chromosomes, all visible traces of whose limits have now been lo?t, 
form a common chromatic reticulum of very fine texture. Such a reticulum 
is ordinarily described as being made up of “granules of chromatin carried 
on a supporting network,” and so it surely appears if not sharply stained 
or if viewed through lenses of insufficient resolving power. But careful 
examination, together with a comparison of the successive stages of the 
telophase, lead to a different interpretation. Since the structure of the 
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title reticulum is the direct outgrowth of the ininslncnau.m 

,hown in figures 5-12, it seems more probalile tluit the •'ehnmMlin or.,,,, 
are merely the heavier portions of the al^•eolated and reticulate chminn- 
cranes, and that the lighter “supporting network" cundsis siinpK nf the 
thinner portions of the same together with the delii'ate anastoninsi>. As 
pointed out in the case of Vicia, the finer strands stain nnicli Kss dei ply 
than the coarser portions, so that one easily gains the impression of scparaie 
chromatin granules connected by delicate threads of another material, 
but in a tapering strand the color grows gradually deeper in passing from 
the thinner to the thicker portion, a fact which indicates that the reilcuimn 
consists of but a single substance, or, mon^ probably, that the chromatin 
substance is very fluid in consistency and free to diffuse about within 
the other material which composes the framework, as suggoied hy t'.rdgisire 
(uio6). Although much evidence W'hich has hvvn bruiight forward hy 
various workers indicates the presence of two principal and morphologically 
distinct elements in the nuclear reticulum, it is nevertheless iirobably 
true that the above interpretation will apply to many accounts describing 
autonomous chromatin units on a supporting achromatic network. 

prophase. As the prophasic clianges begin, the reticulum htrmnes 
somewhat coarser and commences to break up into irregular banddike 
portions (fig. 14)- As pointed out in the preceding sectimi, the lelopliasic 
changes in rapidly multiplying cells may go no further than ih(> stage 
represented in figure ii, where the limits ol the chromosomes laii e.isily 
be ni.ade out. If, now, such a nucleus should enter upon the prophase, 
there can be little doubt that it would be along the lines of chromoMime 
union that the reticulum w'ould break down, since along these lines an- the 
delicate anastomoses, which would be the first to give way as the banddike 
portions begin to condense. A reticulum in which the telophasic tmns- 
formation has been carried further, as in figure 12, also lireaks down along 
its lighter 2ones. From what has been seen in the case of iigiire ii, it 
seems evident that these zones for the most part represent the iuUTchronio- 
sonial spaces, so that here also argument may be made for the structural 
continuity of the individual chromosomes through the Interphase or resting 
stage. In the case of a nucleus with such a fine and unifbrm reticnlnm .as 
that of figure 13, it is manifestly impossible to determine^ by direct observa- 
tion whether or not the lines of prophasic separation coincide with those 
of the preceding telophasic union. The evidence for the structural indi- 
viduality of the chromosomes must here be indirect, and sinh indirect 
evidence 'a afforded by the many known instances in ;vfiich the chromosomes 
in successive mitoses, although lost to \iew during the resilng slagrs, not 
only remain constant in number but maintain constant diflerences hi size 
and shape. Additional evidence is found in the fact that in cells dividing 
repeatedly in one plane, as in the root meristem, the separate bands or 
chromosomes appear in the prophast' with the same orientation as t at 
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shown by the chromosomes as they form the reticulum during the toiopiM^^, 
(compare figs. li and 14). . 

The separating portions of the reticulum, each of them represein-i],, 
a chromosome, continue to condense, and the anastomoses between 
become further broken down, so that they soon stand out with great His- 
tinctness (fig. 15). Since the early prophasic changes are in many respi re 
simply the reverse of those occurring in the telophase, the structure o! 
chromosomes at these two stages is almost precisely the same. Vacud], <. 
or spaces enclosed during the condensation of the reticulum, may be fiuuid 
in all positions, median and peripheral, while large cavities open to dx- 
exterior on all sides. Transverse sections of chromosomes in this conditif.n 
arc shown in figure 16. It is perfectly evident that at this stage of the pro- 
phase, just as in the telophase, each chromosome is simply an irregular 
alveolar-reticulate cylinder, and has the form neither of a split thread or 
ribbon nor of a ladder-like structure characteristic of the incomplt tely 
split chromosomes of the later prophases. At the stage shown in figures 
15 and t6 the chromosomes are in no sense double; the split marking the 
line of separation at the next ineLaphase has not yet appeared. 

Each alveolar-reticulate chromosome now becomes transformed in a 
peculiar manner into a single {i.e., not double) slender thread. Of all the 
morphological changes undergone by the chromosomes during mitosis this 
is one of the most difficult to observe and interpret. The staining must 
be particularly sharp to bring it out properly, and it is probable that it is 
passed through with considerable rapidity. 1 hese facts account in part 
for the absence of these stages from the descriptions of mitosis given by 
many investigators, and consequently for misinterpretations of the telo 
phasic and early prophasic cliangcs with respect to the splitting of the 
chromosomes. The transformation process, which is in progress ir, the 
nucleus shown in figure 17, is as follows. 

As the chromatic material becomes increasingly condensed, the more 
slender strands, like the anastomoses at an earlier stage, and also the 
thinner walls bounding the peripherally situated enclosed spaces, become 
broken down, leaving the heavier portions of the chromosome in the form 
of a very irregular zigzag thread of uneven thickness. Various stages in 
this process are shdwn in figure 18. At the points marked a the dissoliilioii 
of the finer portions can be seen occurring, and the reason for the crooked 
and lumpy appearance of the newly formed slender thread is apparent. 
In many cases the arrangement of the open spaces is such that the chromatic 
thread has a roughly spiral aspect, but in view of the relation it bears to 
the reticulate stages of the earlier prophases it can hardly be said to arise 
endogenously within the chromosome as some workers have maintained. 
The crooked thread at once begins to straighten out; this change in shape 
is associated with an equalization of the chromatic material, so that the 
thread gradually becomes more uniform in diameter. Here and there in the 
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v.t portions a fcM’ small vacuoles may lor a time pnsi.i, Inii h.r m,,- 
ible distances the thread is completely without (Iumu. 
i he true split now develops in the slender threads. Almost .w m,.i! 
portion of a thread becomes sulhciently eciuali/.ed a number m I w 
oper higs appear, and it seems higlily prol)al)le that the\- are the outereu d, 
.mall vacuoles which are formed anew along the a\i^ of the dnvid 
Some of the openings elongate a little, making (he thread clearly dmible In,- 
^hori distances (fig. 19); here for the first time a portion of a ehromuMmie 
L-;,,) he said to be truly rloulde. It is a mat ter of extivme dillienhy indred 
iris probably impossible— to tell certainly whether thc'si' small vaeiKile^ aii.i 
opening?^ are all new prophaslc developments or are in part reteiiiioim fn-ni 
(he resting stage and hence from the preceding telo])hase. So,m aft,.,- 
their formation the slender threads, so far as can be determined with (lie 
best optical equipment, arc certainly single and dc-void of vacuoles for long 
distances, whereas the vacuoles become very nnineroiis later. .Xfter a 
comparison of many chromosomes in these stages the writer has eoiu hided 
that in all probability a vacuole or open space is now and then relahurl 
from an earlier stage, but that the great majority of vacuoles and spaei> 
which develop into a split in the slender thread are formed anew in ilu> 
prophasc. 

As th^ vacuoles increase in number and enlarge into ojienings extending 
through the thread, the latter shortens and thickens, and takes tlie form 
of an irregular ladder-like structure (figs. 20, 2t). A niii'leus in tliis stage 
(fig. 22 ) has a superficial resemblance to one in the earlv projilmse stages 
(fig. 15), and some writers have confused them, omitting tlie important 
stages which intervene. In figure 15 the chromosomes are in the form of 
irregular alveolar-reticulate cylinders, as shown by their cross sectitm 
(fig. 16), whereas in figure 22 they e\ist as thread- or ribbon-liki‘ structures 
partially split by a series of median openings and arc; clearly double in cross 
section (see the free and cut ends in figures 21-23). 

As already stated, Tradescantia appears to 1 k' h'ss f;u()ral)le for a slud\ 
of the later prophases than Vheia. The o])en spaces in the chnnuosoines do 
not run together to form a cuntiiiuous split so early as in the latter jjlant. 
The material of some of the cross pieces connecting the sides of the partially 
f=plit threads gradually flows to the two sides where' it ac*:uinu1ares in tlie 
form of paired lumps simulating divided granules as fully descriln'd in the 
account of Vicia. Many of them, however, remain unehaiiged until a 
very late stage, so that even after the threads have liecoine nuich shortened 
and thickened to form the conspicuous hea^■y spirein stages somt' of them 
may show the openings not yet developed into a complete sjdit (figs. 22 . 23). 
hi other chromosomes the splitting process has gone further, making them 
almost completely double (at right in figs. 22 and 2,3). In nuclei of these 
S'tages it is not dilhcult to discover several free emls which are not <lue 
to the microtome knife, so that certainly at this time, and probably at 
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earlier stages also, the chromosomes do not form a continuous 
On the other hand, it seems probable that some of the chromosome 
hang together end to end, since the number of ends which can be ■ 
guished appears to be much smaller than the number which wtr,; i 
expected if all the chromosomes were free from one another. 

The spindle now begins to differentiate in the cytoplasm, and the li; . 
membrane contracts about the chromosomes. In the chromosonh . 
split now becomes complete, but as they continue to shorten and tliuUn 
their halves become so tightly pressed together that in many prei)aiMiii,in; 
they can scarcely be distinguished. As the contraction reaches its (itinax 
the nuclear membrane disappears (fig. 24), and the chromosomes, .iiier 
loosening up as an irregular group, rapidly become arranged on the s|>iiKlle 
with their halves clearly evident (fig. i). 

OlSCUSSION 

A number of the features of somatic mitosis as the writer has fijund 
them have been compared with the results of other investigators in the 
paper on Vicia (1913) and need not be reconsidered here. In the present 
discussion attention will be limited to three important points; the time of 
chromosome splitting, the method of splitting, and the bearing of the results 
of this study on certain interpretations of the heterotypic prophage. 

Time of chroynosome splitting. Because of the exact manner in which 
the telophasic and prophasic changes are seen to occur w'hen closely exam- 
ined, the writer has contended that the definitive splitting of the chromo- 
somes occurs in the prophase rather than in the telophase as several worhcTs 
have urged. In the first place, the telophasic alveolation, as emphasized 
in the foregoing description, is a very irregular process, its result being the 
transforination of each chromosome into an irregitlar alvcolar-rcth'uhue 
structure showing nothing wdiich can with any justice be called douhleiiess. 
After an inspection of the figures of longitudinal and cross sections of the 
telophase chromosomes (figs. 5-1 1) further argument on this point would 
seem to be superfluous. Secondly, the alveolar-reticulate bands into which 
the resting reticulum breaks doxvn in early prophase, and which are probably 
in all cases continuous tvith the similar bands (chromosomes) of the preced- 
ing telophase, are not transformed directly into the split spirenis of the 
later prophase, but give rise to single threads in which the definitive split 
is formed as the result of a process which appears to begin with the develop- 
ment of an axial series of new^ vacuoles. It has been shown that as these 
single threads are evolved most of the vacuoles and open spaces which h^td 
their origin in the preceding telophase, and which constitute the openings 
in the resting reticulum, become lost through the breaking down t>l their 
boundaries, so that the telophasic vacuoles, whether so situated as to make 
the chromosome double or not, take little or no part in the development ot 
the definitive split. 
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may here be questioned whether the \ aruoles and .qx,, space, wiiieh 
apL.ar and split the thin prophasic thread may nm he ai lea., p„,[v 
ret: ntions from the preceding telophase, (lie split tlierefure heini; initiated 
;:a. telophase after all. This is a question which it has ma ]h,,, iMU„d 
p,.,,,|)Ie to answer in many cases, since the changes in question oeem- in 
verv minute structures which cannot be interpreted at all in any hut the 
favorable preparations. There can lie no doubt. howe\er’ that the 
threads for considerable distances are actually single so far as the mien. set >ix> 


^^■il] allow us to determine, and that many new vacuoles and (►pen spaces 
develop where none were visible before. On the oilier hand it stniis vere 
probable that a few spaces of the earlier prophase, and lienee of the preceding 
telophase, may occasionally persist in the heavier portions of the ilire.ads 
as they develop from the reticulate bands, such s])aces if properly siniaud 
being incorporated in the later true split. But (mly in a \ery straiiiu] 
sense could such occa.sional vacuoles or spaces lie said to ('otisiitnie the 
initial stages of the split; their relation 'to ii appears to lie fortuitous 
rather than determinative. 

It may also be questioned \vhether the single thread stage of tlu' jiro- 
phase, upon the importance of which the writer has insisted, is a ])henoiiienon 
of general occurrence or is a special process peculiar to a few t\ |)(.‘s of cells. 


To this question also no full answer can be given at present. It surely 
uccurs in the root cells of Vicia and Tradcscantia in spite of the fart lluit 
it does not appear in the descriptions gi\ cn by other investigators of mitosis 
in these plants. It is also represented in iMiiller’s (1911) figure 9 of yajas 
marvia, and in the "spiral threads” figured by Bonrn'vie (1908, 1911, i9i.v) 
for Allium, Amphiuma, and Ascaris; by Wilson {1912) lor certain insects; 
and by several other investigators. How much inon* \vides])rea(l it niav 
be cannot be stated, especially since the projihasic changes have lieen fol- 
lowed with sufficient care in so relativeh' few cases. 

On the contrary, it is not impossible that in some forms the sj)Iit spirein 
may develop directly from the alveolar-reticulate bands of tin' earlier 
prophase by a rearrangement of the v'acuoles and o[)eiiing.s to form a single 
median series as the structures become more slender, but the writer is not 
convinced that such a process has been demonstrated in any instance. 
Bven if, fur the sake of argument, it were assumed to occur, it would not 
necessarily follow that the telophasic vmcuolation should he regarded as a 
splitting or that the chromosomes of the late telophase, resting stager, and 
farly prophase should be regarded as double when the v'acuoles ami ojietungs 
have such an arrangement as that described for \'icia and IVadescantia. 
Chromosomes in this condition are not double in any sen.se ol (he word, 
though they contain open spaces which may later join wifli others 
to form a split. The chromosome can be said to be "doulde” or ‘‘split 
only when its substance hft.s been separated into two distingLiishal>le portions, 
cither by the rearrangement of the vacuoles and spaces as provisionally 
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assumed, or, as is in all probability actually the case, by the format' ^ 
median series of vacuoles and spaces which are for the most pan ; 
entirely of prophasic origin. It may again be emphasized that in '! 
cantia, as in Vicia, the alveolar-reticulate condition of the tcloph, - .,nd 
the early prophase does not pass directly into the split spireni vi.;:,. 
above provisionally assumed; but rather, by a peculiar process in .-.hji-h 
most if not all of the old vacuoles and openings are lost, the reti. ulatc 
chromosome takes the form of a single thread in which the splii 
develops anew. In these forms the chromosome split, whether eniirely 
new or partially built of vacuoles of earlier origin, cannot be reganlu] as 
anything but a prophasic development. 

Method of chromosome splitting. Much interest centers about tlie txact 
manner in which the chromosomes undergo splitting because of its great 
importance in connection with current theories of the mechanism of heredity. 
The early view that the splitting of the chromosomes is primarily a diviskm 
of a scries of smaller units which it contains has been wideh- accepted, 
especially by those whose investigations have been concerned with the 
cytological aspects of the problem of inheritance. The hypothesis which 
postulates the existence of small units of inheritance, or genes, within the 
chromosomes has been of incalculable value in organizing the daia cf- 
genetics, and new evidence constantly adds to the probability that such 
units are not purely conceptual ones. But it must be said that this evidence 
is genetical rather than cytological in nature. Although many cytologisis 
have regarded the visible chromatin accumulations or granules as such units 
and have figured their division, others have found it increasingly difhciili 
to see in these chromomeres anything significant in this ronne ction. I'crihe 
most part they seem to be quite inconstant in number and disappointingly 
irregular in behavior. 

In the somatic cells of Tradescantia, as in Vicia, chromosome splitting 
seems to be initiated by a series of axial vacuoles which quickly develop 
into openings through the homogeneous chromatin thread, and nut In the 
division of chromatic granules supported by the thread. As the opening- 
become more numerous the chromosome takes the form of a ladcki. ihi 
rounds Vicing represented Viy the material between the successive opening:^ 
(fig. 2i). As the rounds or cross pieces gradually become thinner .iml 
finally break at the middle, thus completing the split, their material ncanmi- 
latcs in two small lumps opposite each other in the two halves of the ehrunn’- 
some. The “paired granules" or “divided granules” described by many 
workers arc without doubt to be explained in this manner. Such being 
their mode of origin, it is difficult to assign to them the rank o! nv-rplm- 
logical units, or to attribute to them any specialized function in the hereu- 
tary process. In the microsporocytes of \dcia, however, the \viitei 
observed chromatic granules of a much more deffhitc cbaiactcr, but - 
prepared to make any statement with regard to their significance. 
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The view that such granules do have soint- sneri-tl 
by Wenneh’., (.9:6) stnkin, obs.vaU,,. ' 

„e„p in this forn, have relati«.|y constant siaes posi! '.,. 

, show close correspondence m the two me.nl, ers of a conjnea, 

„„as pair. Tins is precisely the type of chron.osonu- organic „i„„ ,-,11 , 
1.,,- by our most promising theory of Ihe cvtological „u-cl,a,i,a„ of l,e,.e;i,p 
which It IS hoped will find further eerilication in a.hliti.ni ,1 „■ ' 

as ( arcfully made as (hose of Wenrich. ' 

Bearing on problem of chromosome rciiitctiou. As Mated in tin- intr 
durtioti, the theory of telophasic splitting has I,,.,-!, !neo,-,„„-ai,.,'| '|" 
interpretation placed upon the reduction plunonu-na liy Id is,,- 
ni-liy (1914- 1919). Nothnagel (1916), and certain otlu, wrin-rs 'ti.J 
,p]it seen in the early heterotypic propliase is said (o have its n, i,^in in tlu‘ 
rel(»phase of the last premeiotic division, each chroniosmnr pe.sisiine 
through (he intervening resting stage in the doul)k‘ conditiun. Ii is'coii- 
sequeiitly held, as fully stated liy Digby (1919) in Iilm- ansnint of the ar»'hc- 
sporlal and rneiotic phases in Osmunda, that tin' lateral pairing of s'lcnider 
tlireads in the heterotypic propliase, which a large school of cvloh^gists has 
regarded as a conjugation of entire chroinosonies, is in realiiv only the 
reassoeiation of the two halves of one chromosome which has Inrii split in 
the preceding telophase. Such a n'association is (hoiighi to oociir in every 
propliase, somatic and rneiotic, since thesi^ workers rc-gani clnomosoine 
splitting as universally a telophasic phenomenon. 'Fhe sjilii thus thought 
to form in the premeiotic telophase functions in the liontoeoi vpic mitosis; 
the latter mitosis is therefore looked upon as a continual ion of the pre- 
meiotic division, the heterotypic mitosis being an interpolated [nax-ess 
lainging about reduction. Not only does this i)remeif)(ir split nnppear 
in the anaphase of the heterotc'pic mitosis to function in llic liomoeolypic, 


hut a new split developing in the heten)t\pic telophase, afti-r being tem- 
porarily obscured, functions in the p(.)st-homoeorv])ie di\ ision. 

As the writer (19^0) has pointed out in a rev iew of Digbv’s eontrihuf ion, 
die above outlined theory of reduction has certain adv ant.agev, for "it 
allows one interpretation to be jilaced upon the doiil>le s])irem in Ijoth 
sinnatic and heteroptyic prophases. . . . and it also heljis to e\[4aiii (he 
'^udden appearance of the split for the second maluraticni nht(»sis in (he 
anaphase of the first.’' 

But can it be said that the chromosomes undergo s[)!iiting in llu' last 
premeiotic telophase and remain doulilc thonigh the eii>iiing resting stage? 
Ihe writer believes that it has been shown in the case (»f ordin.irv somatic 
mitosis in Vicia and Tradcscanlia that (lu‘ fcloj)ha>i(' alwolalion is in no 
>ense a split. This conclusion rests upon the faclr lirought out in a detailed 
analysis of the tclopha*ic changes themselves, and iijion the hid that the 
^■arb prophasic reticulate condition, which all grant is eontiiiiious with 
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that of the preceding telophase, does not pass directly Into the d 
spirems, but gives rise to single threads In which a new split de\; .,p^ 
entirely or mainly by a new vacuolation, making the threads really d 
for the first time. This being true, it follows that the chromosomes 
beginning of the heterotypic prophase are single (although alveolar-j , i 
late), unless, indeed, the premeiotic telophase differs fundamentalK- 
other somatic telophases, which is not supposed to be the case. ( 
quently, if it is argued that the doubleness of the spirem in the hetcroiypj^, 
prophase is due to a splitting and not to a conjugation, it must be done lipun 
other grounds; the principle of the telophasic split is evidently a fa]*;^ 
premise. 

From the above considerations it appears that chromosome beha\ior 
during the somatic telophase, instead of giving the key to the rediu tion 
process, shows rather that the solution of this perplexing problem must be 
reached mainly through a more refined analysis of those changes in the 
heterotypic prophase itself which have led so many observers to conclnde 
that the association of chromatic threads at that stage represents the 
conjugation of entire chromosomes which separate at the first maturation 
mitosis. 

Summary 

The principal results of the present study of Tradcscantia may he 
summarized as follows: 

1. During telophase the chromosomes become transformed by a process 
of irregular vacuolation into alveolar-reticulate structures which together 
make up the resting reticulum. In rapidly multiplying cells the visil>le 
limits of the constituent chromosomes may not be entirely lost between 
successive mitoses. 

2. In prophase the constituent reticulate chromosomes separate from 
one another through the breaking down of their connecting anastomose^; 
each gives rise to a single slender chrojuatlc thread in which the definitive 
split develops as a new formation, though old vacuoles may occasionally 
be incorporated in it. 

3. The telophasic vacuolation cannot be interpreted as a splitting of the 
chromosomes; the chromosomes are therefore not double during the resting 
stages. The splitting of the chromosomes is a phenomenon of the prophasc. 

4. No direct evidence has been found favoring tj^e view that the splitting 
of the chromosomes is primarily a division of smaller chromatic units nr 
chroinomcres. 

5. Interpretations of the phenomena of the heterotypic prophase arc 
unsound in so far as they rest upon the assumption of telophasic splitting 
in somatic cells. 


Cornell University 
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E^LA NATION OF PLATES 
Plate XXH 

All figures except no. 8 were drawn at tlm level of the tabR with 
camera lucida under a Zeiss apochromatic objective, 2 mm. . - ■ t.40, v,' , rni heat ion 

•iciilar 18. They have been reduced one-halt in reproduction and now show a magtuhe. 
ot 1900 diameters. Fig, 8, X 950- . 

ITg. j. Metapliase: chromosomes attached to spindle ly mu ( tp 
ITo. 2. Anaphase; daughter chromosomes separating. 
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Fig. 3. Later stage; daughter chromosomes passing to poles. 

Fig. 4. Late anaphase: chromosomes massing at poles. 

Fig. 5. Telophase: vacuoles appearing within chromosomes; anastomoses jir. 

Fk;. 6. -Slightly later stage; note arrangement of vacuoles. 

Fig, 7. l\vo telophase chromosomes, showing irregularity of vacuolation. 

Fig. 8. Telophase, showing polarized aiTangement of chromosomes (canu-r,- 
sketch). 

Fig. 9. Cro.ss sections of telophase cliromosomes, showing the same. 

Fig. 10. I.ater telophase: nucleus larger and nucleoli present. 

Fig. II. Late telophase: limits of chromosomes still visible. 

Fig. 12, Interphase or resting stage. 

Plate XXIll 

Fig, 13- Resting stage in which telophasic changes have gone further. 

Fl(i. 14. Karly prophase; retlc'uliiin breaking up into rt)nstitnent chromosunii->. 
Fig, 13. Later stage: chromosomes further separated and more condensed. 

Fu;. 16. Cross sections of chromosomes like those of figure 15. 

Fig. 17. Prophasc nucleus with most of its cliromosomes in single thread stage, 

Fig. 18. Chromosomes in single thread stage; development of this condition tmn 
reticulate stage shown at a. 

Fig. 19. Splitting of single threads. 

Figs. 20, 21. Later stages: vacuoles and openings more numerous; chroniosonii^ 
thicker. 

Fig. 22. Prophase nucleus with some chromosomes partially and some coniiileTelv 
split. 

Fig, 23. Later stage; chromosomes hea\'ier but not completely split. 

Fig. 24. Late prophase: chromosomes swollen and split obscured; nuclear menibninv 
has disappeared and spindle is developing. 






